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ABSTRACT
Microperoxidase-8 (MP-8 ), a haem octapeptide derived from 
cyctochrome c and retaining His as one axial ligand, has been 
further developed as a model for the ”protein-free” co-factor for 
comparison with the peroxidase enzymes (gg. horseradish peroxid­
ase, HRP) and myoglobin (Mb).
pH profiles have been obtained allowing a general comparison of 
MP-8 , HRP and Mb. The reaction of MP-8 is pH-independent at low 
pHs, indicating reaction of neutral H2O2 molecules, whilst it is 
pH-dependent in the range pH 5-10, indicating reaction of HO2"’.
The protein shifts the diagonal of a plot of log k2 versus pH of 
the C O -factor 4 units to higher pH in Mb and >7 pH units to the 
left in peroxidase. This shows that the protein acts to bind 
H2O2 as HO2"" with the simultaneous uptake of a proton.
The initial reaction of H2O2 with Fe(III) of MP-8 at pH 7.0, 
which is the rate-limiting step, follows the rate equation, rate = 
k2 [HO2”]^[MP-8 ]1. This can be significantly increased by the 
addition of (protonated) quinine (Q), through the formation of a 
QH'*'H02"’ ion pair. The reaction forms an active intermediate, (a 
MP-8 analogue of peroxidase enzymes Compound I) containing a FeO^*^ 
species, two oxidising equivalents above Fe(III).
Comparisons of the peroxidase reactions of acetylated MP-8 
(AcMP-8 ) and MP-8 show comparable rates (log k2 ~ 3.81 ± 0.10) for 
the two species at pH 7 ; it is deduced that formation of MP-8 
Compound I proceeds via a species equivalent to Compound 0 identi­
fied for HRP and AcMP-8 .
Over limited concentration ranges rates of reaction of MP-8 are 
independent of substrate concentration for a wide range of sub-
11
strates, with second-order rate constants, k2 - In such 
regions log k2 = 3.81 ± 0.10 for all substrates ig. the initial 
activation of MP-8 is independent of the nature of the substrate.
Rate versus substrate concentration profiles obtained and 
compared for the reactions of MP-8 and HRP with a range of sub­
strates have been characterised into two distinct types, termed 
Types A and B.
A dimer of guaiacol, "diguaiacol”, has been prepared and shown 
to be a competent peroxidase substrate, being oxidised to a 
similar product to "tetraguaiacol", the unstable oxidation product 
of guaiacol. In this work high concentrations of guaiacol have 
been shown to accelerate decomposition of this product, thereby 
explaining the observed drop in the rate of the peroxidase react­
ion at guaiacol concentrations above 0.01 M.
A means of quantifying the extent to which different sub­
strates protect MP-8 from decomposition or "bleaching" has been 
found by calculating a ratio termed the Relative Catalytic 
Efficiency (RCE) of MP-8 . The RCE of MP-8 depends on the nature 
of the substrate but is independent of the concentration of a 
particular substrate. The latter indicates the presence of a 
hitherto unsuspected substrate-dependent decomposition pathway for 
MP-8 Compound I.
The enzymic oxidation products of guaiacol, 4-methoxyphenol and 
4-methoxy-1-naphthol with H2O2 and MP-8/HRP have been studied in 
detail to learn more about the oxidation mechanism.
Ill
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CHAPTER 1
INTRODUCTION
1,1 Background to haemoproteins and peroxidase enzymes
Enzymes based on haemoproteins occur widely throughout nature 
and are responsible for a diverse range of vital physiological 
functions. Examples include haemoglobin (Hb) and myoglobin 
(Mb)(reversible binding and transport of dioxygen in blood and 
muscle, r e s p e c t i v e l y ) t h e  cytochromes (electron transport), 
cytochrome P450 (hydroxylation of substrates)2, cytochrome oxidase 
(reduction of dioxygen to water)3, peroxidases and catalases 
(reduction and decomposition of hydrogen peroxide)^ and oxygenases 
and dioxygenases (oxidation of organic substrates)5.
The prosthetic group for the haemoproteins is an iron porphyrin 
(haem) group, in which the iron is bound to the polypeptide chain 
of the surrounding protein via one or both axial ligands. The 
most common axial ligand of the iron is histidine (His) as can be 
seen from the following table:
Table 1 - Haemooroteins and the axial ligand
Haemoprotein Axial ligands Refer<
Haemoglobin His; H2O/OH” 1Myoglobin His; H2O/OH- 1Horseradish peroxidase His; vacant 6Cytochrome q  peroxidase His; H20/0H~ 7Catalase Tyr; vacant 8Cytochrome P450 Cys; H2O/OH- 9Cytochrome & His; Met 10Cytochrome b^ His; His 11Cytochrome £ His; Lys 12
The nature of the water/hydroxide ligand depends upon pH.
With the Ç cytochromes there is additional binding of the haem 
group to the protein via two thioether bonds between the vinyl 
groups on the porphyrin ring and Cys residues on the protein.
The nature of the protein determines the type of axial ligands 
present in the different haemoproteins. The protein also plays a 
vital role in ensuring that particular reactions are carried out 
preferentially to any others possible, by effecting both the 
electronic and molecular structure of the haem-ligand moiety.
An example of how minor changes in the structure of the protein 
influences different enzymic activities of two similar 
haemoproteins can be seen by comparing Mb with peroxidases. All 
myoglobins^^ and most peroxidases^^ are monomeric haemoproteins 
with a haem fe prosthetic group and a proximal His ligand, yet the 
peroxidases which contain iron(III) in their resting state exhibit 
much greater reactivity towards H2O2 than do Mb^,15 and are 
reduced with difficulty to the iron(II) stately. The rates of 
the peroxidase reactions of Hb and Mb are around five orders of 
magnitude slowerl^ than those of peroxidases (and catalases) 
despite all containing the same prosthetic group, resulting from 
the effect of key amino acid residues in the interior of the 
protein which are adjacent to the haem pocket.
Structural differences between the protein of peroxidases and 
that of Hb/Mb cause the contrast between higher reactivity of iron 
(III) towards H2O2 in the formerly to the ability of iron (II) in 
the latter to bind dioxygen reversibly13. These haemoproteins 
provide the classic case of control of activity by the protein.
The globin protein acts to tune the oxygen affinity of haem iron 
utilising the transition from five co-ordinate high spin iron in 
deoxyHb to six co-ordinate low spin iron in oxyHb. In Hb02 and
Mb02 the bound dioxygen is stabilised by the formation of a H- 
bond, due to the role of His-E7, the invariant distal Hisl^. The 
porphyrin of deoxyHb is dome-shaped and the iron atom of Hb is
displaced 0.55 A from the mean plane of the porphyrin nitrogen and
carbons due to interaction of the proximal His ligand^O. How­
ever, in oxyHb the porphyrin is flat and the iron lies in the 
porphyrin plane. Dioxygen is bound to the haem iron in a bent
configurational and the His-E7 may also act to prevent binding of
toxic linear ligands such as CN“ and CO. The latter will bind
linearly but with resultant puckering of the porphyrin ring.
1.2 Peroxidases and the peroxidase reaction
From hereon this discussion concentrates on the role and mecha­
nism of the peroxidase reaction. The peroxidase enzymes are a 
class of monomeric haemoproteins containing ferriprotoporphyrin IX 
or haemin, % (see Fig. 1) with a proximal-bound His in the active 
site2 2 , which catalyse the oxidation of organic substrates by 
H202^^ according to equations:
H2O2 + AH2  ^A* + 2H2O or H2O2 + 2AH — ► 2A* + 2H2O 
where AH2 represents a two-electron equivalent reducing substrate 
and AH a one-electron substrate. H2O2 is reduced and typically 
the oxidation of the substrate results in the formation of a 
coloured product, often a stable radical cation, or a complex 
mixture of products. The peroxidase reaction is of great import­
ance for biological assay work; for instance, it can be used in 
coupled assays for determining glucose and other substances using 
H2O2 obtained from the oxidase reaction, or the peroxidase enzyme 
can be used to detect sub-microgram quantities of sulphydryl- 
binding compounds, sg 2-iodosobenzoic acid23 or biological 
compounds in immuno-assay diagnostic work.
Fier. 1 - Structure of Haemin, _1
CHCH =  CH
3+Fe
CH
CH CH2 2
H. H.
HO2C CO2H
Ferriprotoporphyrin IX or haemin
Probably the most representative and studied enzyme of this 
class is horseradish peroxidase (HRP) which reacts with H2O2 , 
hydroperoxides (eg. 24j and peracids®, to give a series of three 
distinct coloured complexes, known^,14,15 as Compound I (green). 
Compound II (red) and Compound III (bright red). Compounds II 
and III were first recorded by Keilin and Mann25; Compound I was 
later discovered by T h e o r e l l 2 6  who found that its formation pre­
ceded Compounds II and III. In the peroxidatic cycle resting 
ferriperoxidase enzyme reacts with H2O2 to give Compound I which 
is then reduced back again by reaction with a reducing substrate 
in two one-electron reductions via Compound II. The exact mecha­
nism and all the steps of these reactions are not yet fully under­
stood. All of these compounds contain an oxygen atom bound to 
the iron; Compounds I, II and III are 2, 1 and 3 oxidising 
equivalents, respectively, above the resting ferriperoxidase 
enzyme, the latter comparable Vitkan oxygen-ferroperoxidase 
c o m p o u n d 2 7 .  Compound III is not involved in the peroxidatic 
cycle but is formed by the reaction of native enzyme with a large 
excess of H2O2 , by treatment of Compound II with H2O2 , or by the 
reduction of native enzyme followed by oxygen addition^^.
The first stage of reaction involves reduction (or activation) 
of H2O2 by the enzyme resulting in Compound I formation, with a 
characteristic Soret band28 maximum at 407-410 nm29. One 
oxidation-equivalent is accommodated on the iron atom, the second 
on the porphyrin^^; this is equivalent to iron in a +5 oxidation 
state^,30f 31.
Peroxidases exhibit greater stability towards irreversible 
change of the highly oxidised intermediates than do Mbs. In the 
case of the enzymes Compound I contains Fe^ "^  plus a porphyrin 
cation r a d i c a l ^ i y 32 ©r, in the case of cytochrome g peroxidase
( C C P ) 2 3  an oxidised amino acid residue (thought to be a Trp resi­
due, other than Trp-51). With the Mbs the equivalent highly 
oxidised intermediate contains Fe^t plus an unidentified protein 
radical(s); oxidation of the porphyrin has not been o b s e r v e d ^ ^ .
The formation of Compound I involves the breaking of two bonds 
and the formation of two new bonds yet proceeds with an
activation energy less or equal to that for the fluidity of 
water^S. Formation of Compound I involves an "inner sphere" 
complexes,36 and is not an enzyme-substrate complex of the conven­
tional sense^f27. A pre-equilibrium of reactants leads to the 
formation of at least one precursor complex, an Fe2+(H202/H02“)Enz 
adduct^S,36,38  ^ a transient intermediate termed Compound 0 by Van 
Wart^G,39,40^ The Soret region of the UV spectrum of this 
intermediate resembles that of a "hyperporphyrin" with prominent 
bands around 330 and 410 nm; this Compound 0 is converted to 
Compound I in a rate-limiting redox step^^'^?
The simplest form of an "inner sphere" reaction with a pre-equ­
ilibrium constant is35,36.
kl  ^ kgHRP + H2O2 ^  - ■ HRP-H2O2 ----- ► Ik-i
The reaction is an oxidation-reduction process of considerable 
complexity and is essentially i r r e v e r s i b l e ^ ^ . this area requires 
further study into the detail of the mechanisms. These struct­
ures are complex and details of the electronic distribution within 
the adduct are left unspecified^,38, The inner sphere complex 
leading to the formation of Compound I is probably formed by the 
peroxide anion formed by a proton transfer from ^2 0 2 ^^• Even 
though the rate of reaction of HRP with H2O2 is pH-independent 
near physiological pH it is believed to involve ionisation of H2O2 
(pKa = 11.841)and co-ordination as H02~d5,42 _ The apparent
binding of a neutral H2O2 molecule in peroxidases is accounted for |
in terms of a proton-coupled binding of HO2" . further work on !
the dependence of reactions with pH is required to support this
theory. In the case of peroxidase the reaction involves the 1
proton-coupled binding of the HO2"" anion to haem iron
(evidence from X-ray crystallographic studies on the cytochrome ç
peroxidase-fluoride complex^^ and from studies with model haem
complexes^d,45)^
The cleavage of the 0-0 bond in peroxides can take place either 
hetero- or homolytically^®. In the case of model iron(III) 
porphyrins this reaction has been shown^ 6 to involve heterolytic 
cleavage of the peroxide 0-0 bond, involving loss of 0H“ (followed 
by uptake of a proton to give water), resulting in Compound I.
With HRP, 0-0 bond cleavage may be promoted by the action of the 
flexible Arg-48 side-chain, via stabilisation of HO2” 43-45,
Thus Compound I formation may involve co-ordination of H02~ to the 
Fe (formation of Compound od^), followed by loss of a hydroxide 
ion leaving an oxygen atom bound to the Fe; this is equivalent to 
an oxygen atom transfer from HO2" to Fe.
HRP Compound I is a formal Fe(V) species but actually exists as 
iron(IV) and a ir cation radical, por+*Fe^^=0, the second electron 
being abstracted from an orbital located on the porphyrin
r i n g d i / 3 2 ,
In the presence of a suitable electron-donating substrate HRP 
Compound I undergoes a one-electron reduction to Compound II, an 
oxo-ferryl iron porphyrin complexes,37a,47,48, Compound II is 
red coloured with a Soret absorbance maximum at 420 nm49; a 
further one-electron reduction restores ferric iron and completes 
the catalytic cycle, represented below:
kl k2E(Fed+) + H202^ = ^ E o ( F e d + 02H*")H+----  ^E%. [FeO]d+ + H2O (1)
k-i
E%. [FeO]d+---- E n .  [FeO]2+ (2)
2H+ + Eii.[FeO]2+-ê=_^ E(Fed+) + H2O (3)
where E, Eq , E% and Ejj are the native enzyme, Compound 0,
Compound I and II, respectively. Reaction of Compounds I and II 
with electron-donor substrates can be represented as:
kaE% + A H 2 ^ = ^  Ell + AH' (2)
k4
E 11 + AH2 -► E 4- AH' (3)
Reaction of the substrate radicals then occurs, leading to the 
formation of oxidation product; one possible mechanism is^®:
AH' + AH ^A2H2 (4)
where AH2 , AH' and A2H2 are the hydrogen donor substrate, its free 
radical and an oxidation product, respectively. Both Compounds I 
and II react rapidly (the former being more reactive) with 
substrate to produce short-lived radicals, which react together or 
with other substrate molecules giving oxidation products.
Cytochrome c peroxidase (CCP) is unique among peroxidases in 
that the the second electron in Compound I is abstracted from an 
amino acid side chain, rather than the haem^^. The resultant 
unusually stable radical is believed to reside in the protein 
portion of the e n z y m e ^ S , Formation of higher oxidation states of 
iron in CCP is promoted by stabilisation of localised negative 
charge on the imidazole ring^, apparently arising from H-bonding 
of the proximal His (His-175) to the carboxylate of Asp-235.
The oxidation of CCP by stoichiometric H2O2 gives an activated 
enzyme, isoelectronic with Compound I, capable of an electronic
rearrangement resulting in the oxidation of an amino acid side- 
chain to a free radical^. Originally Trp-51 and Met-172 were 
considered as potentially oxidisable residues because of their 
relative proximity to the haem centre^. However, EPR signals 
have been detected in samples of the active intermediate of CCP 
altered by site-directed mutagenesis showing that neither Trp-51 
or Met-172 contains either of the observed r a d i c a l s ^ S , Neither 
of these amino acids are necessary for CCP to act as a peroxidase 
since their replacement fea. Phe-51 mutant) does not prevent 
activityS3,54,
X-ray structural i n f o r m a t i o n ^ ^  h a g  provided evidence for Trp- 
191 of CCP being important in determining catalytic properties and 
studies on site-directed mutants (Trp-191 — ► Phe-191 and Trp-51 — ► 
Phe-51) together with the use of proteins containing specifically 
deuterated Met or Trp, using ENDOR spectroscopy, positively 
identified the site of the radical as a Trp residue, most likely 
Trp-191^3 which is ~4 A from the haem centre. Earlier X-ray 
structure d e t e r m i n a t i o n s ?  y 5 6  of CCP showed that the active site is 
surrounded by Arg, His and Trp-51,
It appears that Arg, His and Phe are invariant distal residues 
in the peroxidases^?. The fact that no Arg or Phe groups are 
included in those surrounding the distal site in Mbs (His, Val, 
etc)13 has lead to attention being directed towards the role of 
Arg and Phe in promoting peroxidase activity. Studies by Byfield 
and Pratt^® suggest that the invariant Phe may moderate the 
activity of the iron porphyrin through donor-acceptor interactions 
which could increase the polarisability of the porphyrin system. 
These could stabilise the highly oxidising Fe4+ and porphyrin tt 
cation radical of Compound I and additionally aid any movement of 
charge, such as the flexible charged Arg s i d e - c h a i n ? r i n  the
protein with a low dielectric constant environment; such swinging 
of the Arg appears to play a key role in the peroxidase 
mechanism45. Donor-acceptor interactions could also assist with 
fixing the key pentapeptide loop (Arg-48 to His-52) of CCP close 
to the active site by changing the properties of iron(III).
Site-directed mutagenesis studies have been carried out using a 
Phe-191 mutant to examine the effects of altering the H-bonding 
and TT-TT interactions between Trp-191 and the iron co-ordinated 
proximal His-175 of CCP^^. CCP will reduce up to ten molar 
equivalents of H2O2 by further oxidation of its 7 Trp and 14 Tyr 
residues^®. Studies by Tsaprailis st al®l on single amino acid 
mutants of CCP (Trp-191 — ► Phe, Asp-235 — > Asn) using Trp fluores­
cence have shown that Trp-191 plays a key role in protecting the 
enzyme from damage by H2O2 presumably by controlling the flow of 
oxidising equivalents. Retention of activity after oxidation by 
H2O2 is achieved through loss of Trp residues; the Phe-191 mutant 
exhibited the least Trp loss but became inactive after H2O2 
addition. The fact that some Trp loss was observed with the 
latter showed that a second radical migration pathway must exist 
for CCP.
The formation of a free radical on an amino acid residue 
resulting from the reaction of CCP with H2O2 is comparable to the 
intermediate of the reaction of metmyoglobin with H2O2 . An 
Fe^^=0 species is formed but the complex contains a unique free 
radical EPR signal due to a reversibly oxidisable amino acid 
residue. The second oxidising equivalent is thought to result in 
the oxidation of a His or Phe r e s i d u e ® 4b to give a free radical, 
which is transferred to a Tyr residue, thought to be Tyr-lp3 ^2 
and then more slowly to Tyr-151, as detected by EPR. Tyr-103 is 
thought to be the key residue in accepting the radical from the
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iron porphyrin because it is in direct contact with the prosthetic 
haem group in both proteins®®. The lack of a Phe residue 
surrounding the distal site of Mbs may58 account for their much 
lower peroxidase activity.
1.3 Protein-free model compounds to studv peroxidase enzvmes
Specific site-directed mutagenesis such as the examples for CCP 
above is one method of gaining information about the roles and 
structural features of key amino acids at the active centre of 
haemoproteins and their effect upon intramolecular and ligand- 
haemoprotein interactions ; such studies have also been carried 
out on Hb®4 and Mb®^. A major disadvantage of this technique 
concerns the ability to correctly attribute observed changes in 
haemoprotein activity with specific properties of the amino acid 
mutant, eg. changes in aromaticity or polarity. To make meaning­
ful mechanistic deductions interpretations need to be unambiguous, 
but this is often only possible by carrying out extensive 
characterisation work. A lack of knowledge of changes to 
tertiary and quaternary protein structure often hinders interpre­
tations. Such changes are caused by the more widespread effect 
of changes in electronic distribution, steric effects or pH 
changes resulting from amino acid substitutions in the mutant 
proteins. Recent work by Mauk®® involving potentiometric 
titrations has stressed the importance of determining the effect 
of changes in pH due to single amino acid mutations upon the 
structure, reactivity and pKa of the protein.
The second method is to use protein-free model compounds 
(preferably water-soluble); in this way the properties of the co­
factor can be compared with and without the protein. Many
II
different iron porphyrins have been studied as models for peroxi­
dase and catalase enzymes.
In early studies simple iron-porphyrins, such as protoferrihaem 
and haematoferrihaem were reacted with H2O2 in aqueous solution 
®? f ®8 . Although information was gained problems were encountered 
including extensive aggregation of the iron-porphyrins®^, non- 
catalytic reactions between H2O2 and the porphyrin leading to 
destruction of the macrocycle and the absence of a protein-derived 
contribution to the chemical state of the iron centre. Protein- 
free haemin exists as a mixture of monomeric hydroxy and dimeric 
ju-oxo species in aqueous alkaline solution^^ and precipitates from 
neutral or acidic solution; the vinyl side-chains are susceptible 
to aerial oxidation®®.
One way of avoiding these problems is to study the reaction 
between peroxo species and "tailbase" porphyrins in non-aqueous 
solution. This approach has been employed by Traylor êt who
reacted a series of simple haem catalysts with attached oligo­
peptide chains with organic hydroperoxides in organic solvents and 
used 2 ,4,6-tri'^butylphenol to trap analogues of peroxidase 
Compound I. Destruction of the catalyst was substantially reduc­
ed and high catalytic turn-over numbers were obtained^S- solvent 
effects?® and the effect of hydroperoxide structure on kinetics^G 
have also been studied.
Many workers have studied the peroxidase activity of metallo- 
porphyrins in organic solvent systems. For example Nolan et al?^ 
have studied the peroxidase oxidation of p-cresol using oxidised 
porphyrins such as mesq-tetrakis(3,5-di-t-butyl-4-hydroxyphenyl) 
porphyrin. This free-base porphyrin was oxidised to the 
porphodimethene diquinomethide?^^ thus modelling the haem redox 
activity in peroxidases.
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Studies by J o n e s ? 2  demonstrated the high peroxidase activity of 
coproferrihaem in aqueous solution; other protein-free iron 
porphyrins used to study peroxidase activity include haem b and 
haem c. However, as with many simpler models the latter two 
suffer from solubility problems and a tendency to aggregate in 
aqueous solution?®. One problem of using simple iron porphyrins 
is that although one of the axial ligands of haemoproteins is 
often an imidazole from a His residue, addition of imidazole to 
natural or synthetic porphyrins in solution results in a low spin 
bis-ligated complex?4 with very little monoimidazole species 
formed. The six co-ordinate low spin bis-ligated complex is 
preferred to the five co-ordinate mono-ligated complex?4. To 
overcome this in aqueous solution a molecule such as imidazole, 
capable of ligation to iron, can be placed on a side-chain of the 
porphyrin, resulting in intramolecular ligation?5; alternatively 
co-ordination of a sixth ligand can be prevented by steric 
interactions?® reducing the binding constant for the second base.
A protein model for peroxidases, Hb or Mb should ideally have 
the following features: an easily prepared water-soluble mono­
meric porphyrin; one axial ligand should be a firmly co-ordinated 
imidazole (from His); the other axial ligand should be either a 
readily replaceable weak field ligand such as water or hydroxide, 
or the position vacant.
A recent approach to obtaining model systems has been the 
design and synthesis of an artificial haemoprotein, a helichrome 
iron complex containing an amphiphilic a-helix, to mimic the 
active site of enzymes??.
Most of these criteria are met by the haem-peptides derived 
from cytochrome q, the microperoxidases which in recent times have 
been used as protein-free models for the peroxidases. The
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studies in this thesis involve the use of microperoxidase-8 (MP-8) 
which has been used to investigate further the mechanism of the 
peroxidase reaction.
1.4 The iron-porohvrin Microperoxidase-8
The haem peptides obtained by enzymatic hydrolysis of 
cytochrome c, the microperoxidases, have long been known to 
possess peroxidasic activity?®. The two most widely known are 
microperoxidase-8 (MP-8 ), 2 and microperoxidase-11 (MP-11), 2; 
see Fig. 2. MP-11 was first prepared by the action of pepsin on
cytochrome q by Tsou?®, whilst MP-8 was prepared by Tuppy and 
Paleus®®. MP-8 is obtained from MP-11 by the trypsin-cleavage of 
the N-terminal tripeptide Val-Glu-Lys and the structure contains 
eight amino acid residues (14 to 21 of cytochrome q) ; Cys-Ala- 
Gln-Cys-His-Thr-Val-Glu. The octa-peptide of this hexacoordinate 
haem q is covalently linked to the porphyrin ring via thioether 
bridges to Cys-14 and Cys-17 ®® and through co-ordination of the 
imidazole of His-18, the proximal axial ligand of the ferric 
iron®^? a water molecule occupies the sixth co-ordination site.
MP-8 has a molecular weight of 1508 daltons and in neutral 
aqueous solution the UV spectrum the maximum of the Soret 
absorbance band is 397.2 nm, compared to 403 nm for HRP.
The terminal amino group of Cys in monomeric MP-8 cannot co­
ordinate to another peptide molecule because of steric hinder- 
ance®2 and its behaviour in solution is less complex than MP-11; 
thus most studies using microperoxidases have used MP-8 .
The aggregation of porphyrins and metalloporphyrins due to 
hydrophobic effects is well known®®'®® and is particularly pro­
nounced in solvents with high dielectric constants. The haem-
14
Fia. 2 - Structures of Microperoxidase-8 (MP-8 ), 2.and Microperoxidase-11 (MP-11), ^
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peptides similarly experience a tendency towards aggregation^Sa,
84, An advantage of MP-8 over MP-11 is that MP-8 experiences 
less aggregation in aqueous solution via tt-tt stacking interac­
tions^^ than MP-11
A method for the preparation of MP-8 has been developed by 
Adams and Baldwin et al86,87 from that of Kraehenbuhl et al®8 . 
Studies in aqueous and methanol/water mixtures confirmed MP-8 
exists as a six co-ordinate species, identified the monomeric form 
and determined dimérisation constants®^, MP-8 is water-soluble 
at all pHs at concentrations suitable for UV studies. At pH 7.0 
it is >90% monomeric in aqueous solutions and >97% monomeric in 
20% methanolic solution®^,89,90 ^t catalytic concentrations 
(<10"G M) . The dimérisation constant in 20% methanol/water is Kp 
= 1,21 X  10^ M”1 86,89,
The axial ligands of monomeric MP-8 are pH dependent, there 
being four different forms in aqueous solution, separated by three 
proton-linked equilibria, with pKa values of 4.43, 8.90 and 10.48 
91. At low pH the axial ligands are two water molecules, His-18 
being protonated and unco-ordinated; the pK of His in a small 
peptide such as MP-8 is likely to be close to that for free His,
6.02 41, As pH is increased a water molecule is displaced by co­
ordination of His-18, then the remaining water molecule loses a 
proton, leaving co-ordinated OH" and finally, either a proton is 
lost from the His leaving the anionic imidazolate form (His") co­
ordinated, or His-18 is replaced altogether by a second OH". The
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first two of these complexes are predominantly high-spin whilst 
the second two are predominantly low-spin complexes.
Thus in neutral aqueous solution MP-8 contains a proximal His 
ligand and a distal water molecule. Displacement of the co­
ordinated water occurs readily with such ligands as CN" 92 ^ 
nitrogenous bases®! and N3" 93, pH effects on the rate and ec[ui- 
librium constants for co-ordination of CN" to MP-8 94 and studies 
on oxygen activation and ligand binding by MP-8 95 have been 
investigated.
Replacement of the weak field H2O/OH” ligand of MP-8 by a 
strong field ligand such as CN” 94 or imidazole91 causes a signif­
icant shift in the UV-vis spectrum, suggesting that the iron in 
the aquo and hydroxo forms of MP-8 is in a high spin state. 
Magnetic moment measurements of solutions of MP-8 using NMR gave 
lower v a l u e s ® 2 ' 9 6  than the theoretical spin only value for high 
spin Fe®+ = 5 . 9 2  BM) due to aggregation of MP-8 at these high 
concentrations(1 x 10"®M)®5. Thus spin only values for MP-8 
cannot be used to confirm the proposed high spin state for aquo- 
hydroxo MP-8 . However, N-acetylated MP-8 (AcMP-8 ) is monomeric 
up to higher concentrations97 in neutral aqueous solutions. 
Evidence for AcMP-8 existing as a high spin six co-ordinate 
species with His-18 and water ligated axially to iron(III) has 
been obtained, by comparison with the fluoride complex97.
Varying the side-chains at positions 2 and 4 (the thioether 
bridges for MP-8) on the porphyrin of reconstituted peroxidase 
enzymes has little effect on activity9® and so MP-8 can be used as 
a protein-free model for the peroxidases. In addition MP-8 has 
been used for studying oxidation-linked proton functions®!, as a 
model for the anion binding sites of haemoproteins®7b,92,93,94^
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for the co-ordination of amino acids^® and as a model for cyto­
chrome P-450 95,99,
1.5 Peroxidase activity of microperoxidase-8
The structural properties of MP-8 and its exhibition of peroxi- 
dasic activity®®'!®® make it a good choice as a protein-free model 
for peroxidase enzymes, yet relatively few studies have used MP-8 
for this purpose. Examples include studies on the activation of 
H2O2 43,45 and the peroxidase activity of MP-8 with o-dianisi- 
dine®®'!®®, guaiacol43^ ABTS®®'!®! and phenols/anilines!®^.
MP-8 unlike HRP is prone to destruction or "bleaching" by H2O2 
in the absence of an organic substrate which is attributed to the 
protection of HRP Compound I by the protein cage; this area 
requires further study. MP-8 does not possess an Arg or Phe 
amino acid residue surrounding the distal site and it has been 
suggested^® that an important role of a distal Phe in the 
peroxidases is to stabilise the n cation radical accommodated on 
the porphyrin ring of Compound I, by increasing the polarisability 
of the system through the introduction of donor-acceptor interact­
ions. This may explain the lower peroxidase activity of MP-8 and 
its susceptibility to bleaching.
The active form of H2O2 involved in the initial reaction with 
MP-8 is thought^® to be H02“ since this would account for the 
observed dependence upon pH of the reaction. An extrapolated 
second-order rate constant of 3.7 x 10® M“!s"! for the reaction of 
aquoMP-8 with HO2” was calculated from experimental results, using 
pKa = 11.8 for H2O2 41. An initial association between MP-8 and 
H02“/H202 would be followed by 0-0 bond cleavage. This could 
occur in two ways!®®, either heterolytically to give an 0x0- 
iron(IV)-porphyrin tt cation radical species (analogous to HRP
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Compound I) and H2O, or homolytically to give an oxo-iron(IV)- 
porphyrin complex (analogous to H R P  Compound II) and a hydroxyl 
radical ( O H * ) *  It is believed that 0-0 bond scission in the 
inner sphere Fe^ '*" (H2O2/HO2”) complex of peroxidase enzymes (Van 
Wart's36 Compound 0 ) ,  giving Compound I, occurs heterolytically. 
Evidence has been f o u n d 3 8 , 1 0 1  for heterolytic cleavage of the 0-0 
bond in the M P - 8 . H O 2"  complex, resulting in an intermediate 
b e l i e v e d 3 8 , 4 3 , 1 0 2  t o  b ©  a [Fe^^=0]'^* species. This M P -8 Compound 
I is subsequently reduced by reaction with electron-donor 
substrates regenerating M P -8 and forming oxidation products. In 
its simplest form the reaction mechanism is given in Fig. 3 :
[H2O2] M ------- I
bleached
Where M, I, S and P are MP-8 , the oxidised intermediate of MP-8 
formed with rate constant k2 , an organic substrate and the oxida­
tion product of the substrate (formed in a reaction(s) with rate 
constant kp), respectively; decomposition of intermediate I 
proceeds with a rate constant k^.
The reaction of I with substrate may involve the formation of 
another oxidised intermediate(s) of MP-8 (eg. an analogue of HRP 
Compound II), formed by a one-electron reduction of I, which may 
also exhibit peroxidase activity. The regeneration of MP-8 is 
thus likely to involve a number of intermediates, as is the 
bleaching of I. An extensive study of the reaction of MP-8 with 
H2O2 and varying substrates was undertaken to obtain a better 
understanding of the mechanism of the peroxidase reaction, which 
this thesis describes.
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1.6 Aims of this thesis
The work contained in this thesis sets out to increase the 
knowledge and understanding of the mechanism of reaction of 
peroxidase enzymes, the role of the protein in controlling 
peroxidase activity of the co-factor and to learn more about the 
range of oxidation products of a number of substrates. MP-8 has 
been used as a protein-free model with which to study the peroxid­
ase reaction.
This work has been divided into three broad sections, covering 
the initial formation of the oxidised intermediate (Compound I), 
the reaction of this intermediate with a range of different 
substrates and the oxidation products of various substrates:
Chapter 3 - Activation of H2O2 ; initial reaction of MP-8 
Chapters 4, 5 - Reaction of the Compound I analogue of HP-8 with
organic substrates
Oxidation products of substratesChapter
CHAPTER 2 
MATERIAIg AND METHODS
2,1 Materials and Analytical instruments
Main suppliers of chemicals and solvents were Aldrich Chemicals 
Limited, BDH or Fisons, but Lancaster Synthesis and May and Baker 
were also used. Most chemicals and reagents were of Analar 
quality (>99% pure); GPR reagents were purified by recrystallisa­
tion or distillation. Aqueous solutions and buffers were made up 
using doubly-distilled water. All solvents used for hplc were 
hplc grade; hplc water was doubly distilled and deionised. 
Biological compounds and reagents were obtained from the Sigma 
Chemical Company and are listed below;
Table 2 - Biological compound and Tvpe 
Cytochrome s. Type VI
Horseradish peroxidase (EC 1.11.1.7) Type II 
Myoglobin (Mb) Type III 
Pepsin (EC 3.4.23,1)
Trypsin (EC 3.4.21.4)
Microperoxidase-8 (MP-8 ) was prepared from horse heart cyto­
chrome s using a literature method®^^, detailed in 2.3. Concen­
trations of MP-8 were measured spectrophotometrically in aqueous 
or 20% methanol-water solutions (êgg? * 1.57 or 1.56 x 10^ M“^cm"^ 
respectively)®®.
Philips PU8720 or PU8740 single-beam UV-Vis spectrophotometers 
were used for UV analyses and measuring rates of reactions.
Water from a thermostatically controlled water bath was used to
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maintain the cell holders at 25°C (±0.1°C). Some of the earlier 
UV work was carried out using a Pye Unicam SP8-100 double-beam UV 
spectrophotometer linked to a Sinclair ZX Spectrum microprocessor 
for kinetic analysis.
pH measurements were made using a Camlab Hanna instruments HI 
8417 microprocessor bench pH meter with a hydrogen ion glass 
electrode. Readings were automatically adjusted to a temperature 
of 20°C using a temperature probe.
Hplc analyses and purifications of MP-8 were carried out using 
Techopak 10C18 reverse-phase hydrocarbon analytical (30 x 0.39 cm) 
or semi-preparative (30 x 0,78 cm) hplc columns. The solvent 
system used was a mixture of acetonitrile and water; 0.1% TFA was 
added to the acetonitrile solution to enhance peak sharpness; all 
solvents were deoxygenated with helium gas before use. Solvent 
composition and flow was controlled by a Spectra-Physics SP8700 
solvent delivery system; a solvent gradient was used to increase 
the acetonitrile content during the run, reducing the elution time 
of the less mobile components. Elution of material was detected 
by UV, set to around 400 nm and recorded on a chart recorder.
The sample material was thoroughly dissolved in deionised water 
and any insoluble particles removed using a fine filter. The 
hplc columns were fitted with a guard column to help remove any 
fine particles which would block and damage the column. To 
prevent fine particles of material settling out of solution over­
night on the windows of the UV detector methanol was recycled 
through the column at -0.5 ml min”^ overnight.
Infrared absorbance spectr a . of compounds were obtained using a 
Perkin-Elmer 577 or 841 infrared spectrophotometer. Proton NMR 
spectra were run by the spectroscopist on a Bruker AC300 360 MHz 
NMR instrument; samples were dissolved in deuterochloroform.
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2.2 Volumetric measurement and other equipment
All glassware was washed with water andTeepol, then rinsed 
thoroughly with distilled water; volumetric glassware was allowed 
to dry at room temperature. Stock and reaction solutions in 
buffer were made up in volumetric flasks at room temperature.
A 5 ml variable volume Gilson pipette (adjustable to ±0.01 ml) 
was used for accurately transferring larger volumes of solutions, 
eg -3 ml of buffer or a reaction solution into a UV cuvette. 
Volumes of < 1.00 ml (gg to make up stock solutions of substrates 
in buffer) were accurately measured out using a series of variable 
fixed-volume Micro-master pipettes with disposable tips. Three 
pipettes covered the following ranges: 5-20 jitl, 25-100 ^1 and
125-500 fJLl. Reactants such as H2O2 and MP-8 were added to solut­
ions in UV cuvettes using Hamilton microsyringes; either a 5 jiil 
(±0.1 jLtl) or a 25 /il (±0.5 /il) syringe. These were rinsed out 
thoroughly after use or before being used for a different solution 
with distilled water or methanol, as appropriate.
For all UV work 1 cm pathlength quartz UV cuvettes were used 
(approximate volume 3.5 ml), fitted with Teflon stoppers.
2.3 Preparation of Microperoxidase-S. MP-8
A relatively fast and simple method for preparing MP-8 from 
cytochrome g based on earlier methods®^'®® has been developed by 
Adams and Baldwin al®® and subsequently improved®?^'^® reducing 
the time required for the enzymic digestion of cytochrome g.
MP-8 was prepared from cytochrome g, using the faster process at 
40®C with minor adjustments to the hplc conditions.
Cytochrome ç (400 mg) was dissolved in deionised water (8.0 ml) 
and the pH adjusted to pH 2.00 - 2.05 by dropwise addition of
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dilute HCl; the solution equilibrated at 40°C, in a water bath.
Two portions of pepsin (2 x 10 mg) were each dissolved in 
deionised water (200 /il) and one portion added to the stirred 
solution of cytochrome c, followed by 200 /il of rinsings. An 
aliquot (2 /il) was removed and diluted with ice-cold deionised 
water (10 /il) and a second aliquot after 15 minutes. The second 
portion of pepsin was then added, as above, and the solution left 
stirring at 40°C for two hours. Further aliquots (2 /il) were 
removed and quenched after 30, 60 and 120 minutes. The progress 
of the reaction (conversion of cytochrome ç to MP-11) was monitor­
ed by hplc analyses of these aliquots of reaction solution using 
the following conditions;
Column: Microbonded C18 reversed-phase \ _ JUV detector: 397 nm Chart speed: 200 mmhr”^ A
Solvents: A - Hplc water
B - 60% acetonitrile + 0.1% TFA in hplc water
Flow: 1.0 ml min”^ Sample: 10 /il
Time Solvent composition(mins) A (%) B0 57 4310 47 5312 0 10017 0 100
Representative hplc traces are shown in Fig. 4.
The pH of the solution was adjusted to pH 5.0 using dilute 
NH4OH solution. Solid (NH4 )2S04 was slowly added to the stirred 
solution, on ice, until traces of cloudiness, due to precipitation 
of haem-containing material, were observed (approximately 5g of 
(NH4 )2S04 were added over -30-60 minutes). A saturated solution 
of (NH4 )2S04 was added dropwise to complete the precipitation, 
leaving a colourless supernatant.
The haem peptides were centrifuged down (2000 rpm, 20 minutes), 
the solutions decanted and drained thoroughly, before redissolving
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Fig. 4 - Formation of MP-11 from cytochrome c by the action of pepsin
a) No pepsin added - representative chromafonram
16 mins Cytochrome ç
Scale; 0.16
injection: 10jul
b) Pepsin added, after 30 mins. - representative chromatogram
Cyctochrome ç16 mins
MP-11
Scale: 0.6414 mins
Injection; 10 /j I
cl Pepsin added, after 2 hours - representative chromatogram
11 mins MP-11
Scale: 0 6 4
Injection; lOjul
Cytochrome ç
12 mins
in deionised water (5.0 ml). The pH of the solution was adjusted 
to pH 8.5 with dilute NH4OH solution and the solution equilibrated 
at 40®C. A portion of trypsin (15 mg) in deionised water (200 
/il) was added, plus 200 /il of rinsings. Aliquots (2 /tl) of the 
reaction solution were removed upon addition of the trypsin and 
after 15 and 30 minutes. Aliquots were diluted with ice-cold 
deionised water and analysed by hplc, as above (see Fig. 5).
The conversion of MP-11 to MP-8 was complete within one hour.
The product solution was diluted to 8-10 ml with deionised water
and passed through a fine filter. The MP-8 was purified and
collected using preparative hplc:
Column: Microbonded C18 reverse-phase
UV detector: 397 nm Chart speed: 200 mmhr”^
Solvents: A and B as above
Flow: 4.0 ml min”^ Sample: 300-400 /il
Time Solvent composition(mins) A (%) B0 57 4310 47 5314 0 10017 0 100
Typically the MP-8 fraction was eluted 8 to 10 minutes after 
sample injection, MP-11 and cytochrome q  impurities being eluted 
just before and after the MP-8 , respectively; see Fig. 6 .
The combined MP-8 extracts were rotary evaporated at <30°C to 
remove the acetonitrile and then most of the water evaporated off 
at <30°C, using a rotary evaporator fitted with a dry-ice/acetone 
trap. The last 2-3 ml of solution were transferred to a smaller 
flask (-10 ml) and the remainder of the water removed by freeze- 
drying to leave a flocculent dark brown residue; mass -30 mg.
Fig. 5 - Formation of MP-8 from MP-11 by the action of trypsin
Trypsin added, after 30 minutes -  representative chromatogram
MP-8 Scale; 0.64
15 mins
MP-11
Injection: 1013 minsCytochrome ç
16 mins
Fig. 6a - Preparative hplc of MP-8: representative chromatogram
MP-8
Cytochrome_c 
12.5 mins
MP-118.5
mins 6.5 mins
Scale: 2.56MP-8 fraction collected between X's
Injection: 300^1
Fig. 6b - Analytical hplc of purified MP-8: representative chromatogram
MP-8 
6.5 mins I
Cytochrome ç ,
Scale: 1.0
Injection: lOjul
MP-11 
5 mins
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The purity of the MP-8 was determined by analytical hplc of a 
small portion. Analytical hplc conditions;
Column: Microbonded CIS reverse-phase
UV detector: 397 nm Chart speed: 200 mmhr”^
Solvents: A and B as before
Flow: 2.0 ml min"l Sample: 10-20 /xl
Time Solvent composition(mins) A (%) B0 57 4310 47 5314 0 10020 0 100
A representative hplc trace is given in Fig. 6, showing MP-8 to
contain traces of MP-11 and cytochrome g. Further purification 
to nearly 99% could be undertaken by further preparative hplc.
2.4 Kinetic analvses conditions
In this section procedures used for making stock solutions of 
reagents, solutions of substrates in buffer, reaction solutions in
UV cuvettes and for initiating and following rates and extents of
peroxidase reactions are given. These procedures or "kinetic 
analyses conditions" form the basis for all UV work contained 
herein and will be referred to in subsequent chapters.
2.4.1 Stock solutions of reactants 
a) Phosphate buffers
Phosphate buffers (normally 0.10 M) were made up from the 
sodium salts; stock solutions (0.10 M) of NaHQPO^ and NagHPO^ in 
doubly-distilled water were made up and stored in a refrigerator. 
Portions of these solutions were mixed together until the desired 
pH (±0.01) was obtained, measured by a pH meter. For the 
majority of work buffers of pH 7.0 were used, but where the pH 
dependence of a reaction was studied buffers of pH 5.5, 6.5, 7.5
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and 8.5 were used. For one experiment studying effect of buffer 
strength on rate of reaction potassium phosphate buffers of 0 .1 , 
0.2, 0.3, 0.5 and 0.7 M were prepared in an analogous manner. NB 
Potassium phosphate salts were used to make up all 0.7 M buffers 
because of solubility. Buffer solutions were stored refrigerated 
for up to two weeks; solutions of substrates in buffer were 
stored refrigerated and used within 1-3 days, except solutions of 
4-methoxy-l-naphthol which were made up daily.
kL_H2fi2—
Stock solutions of 0.025 - 0.35 M H2O2 were made by dissolving 
a small volume (<500 fil) of 60% H2O2 in phosphate buffer (25 or 50 
ml). When studying the reaction of MP-8 and guaiacol at pH 1, 2 
and 3 ~6 M (accurately known) H2O2 was used. The concentration 
of the stock H2O2 solution was determined spectrophotometrically 
using §240 “ 39.4 M“icm""i 104, The concentration of a stock 
H2O2 solution was measured each day prior to carrying out experi­
ments since concentration decreases very slightly from day to day 
due to decomposition; where necessary concentrated stock solut­
ions were accurately diluted with buffer to obtain on scale 
absorbances.
A typical stock solution, suitable for kinetic experiments, was 
made by dissolving 40 iil of 60% H2O2 into 25 ml of buffer to give 
a stock concentration of -25 mM. Then 12-15 jul of this stock 
diluted to 3.00 ml in a UV cuvette would give a reaction concentr­
ation of 1 X 10“^M; exact volumes and concentrations vary depend­
ing upon age of the 60% H2O2 due to gradual decomposition. 
c) MP-8 . AcMP-8 . HRP and Mb
A stock solution of MP-8 (or AcMP-8) was made up by dissolving 
a few specks of solid MP-8 in -100-200 /il of a 20% methanol/water 
mixture. A small volume (1-5 /il) was added to phosphate buffer
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(3.0 ml) and the concentration of MP-8 determined spectrophoto­
metrically using ^397 = 1.55 x 10^ M'lcm"! 86 for aqueous solut­
ions (1.57 X  105 M-lcm-1 for AcMP-8 97 or §397 = 1.56 x 10^ M'l 
cm~i 86 for 20% methanolic solutions). The volume of stock MP-8 
solution required to give the desired concentration of MP-8 in a 
reaction solution was thus determined. The exact concentration 
of MP-8 present in the UV cuvette could be determined spectro­
photometrically for each run.
Plots of absorbance at 397.2 nm versus concentration for MP-8 
and AcMP-8 at low concentrations were used to compare the extent 
of aggregation of the two species in aqueous solution. For the 
lowest MP-8 concentrations a 4 cm pathlength UV cuvette was used 
and absorbance readings normalised to that for a 1 cm cuvette.
If HRP rather than MP-8 was the catalyst a stock solution of 
HRP (~5 mg) in distilled water (10 ml) was made up. The addition
of -2.5 /il of this stock to a 3 ml reaction solution in a UV
cuvette gave a concentration equivalent to 0.1 mg per 250 ml (~8 x
10”9m ), found to give suitable rates of peroxidase reactions for
UV studies. For studies on Mb a stock solution of Mb in phos­
phate buffer (0.1 M ) , pH 7.0 was added to reaction solutions. 
d^ Organic substrates
Solutions of substrates (&g guaiacol) for the peroxidase reac­
tion were made up as follows (NB 4-methoxy-l-naphthol is dealt 
with separately in (e)):
For dilute solutions (typically <1 x 10"^M) a stock solution 
(5-10 ml) of the substrate in methanol (or water if readily 
soluble) was made up such that small volumes (<500 /il) added to 
phosphate buffer (25 ml) gave a solution of the desired substrate 
concentration. In this way the percentage of added methanol was 
<2%. Solid substrates were accurately weighed out, whilst
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guaiacol, was measured by volume (density known) using variable 
fixed-volume pipettes. For more concentrated substrate solutions 
more concentrated stock solutions were used in the case of solids 
(so that similar small volumes were required) or with guaiacol the 
appropriate volume of neat liquid was added to buffer solution.
Two examples are: (i) 4-methoxyphenol (0.1035 g) dissolved in
methanol (10 ml) to give a stock solution (0.0842 M) . Portion 
(30 jJLl) dissolved in phosphate buffer (25 ml) to give a concentra­
tion of 1.01 X 10“^M; (ii) guaiacol (28 fil) dissolved in buffer 
(25 ml) to give a concentration of 1.0186 x lO^^M. Molecular 
weight of 4-methoxyphenol and guaiacol (2-methoxyphenol) are 
124.14 daltons and density of guaiacol is 1.124 gcmT^. 
e^ Procedure for storing and usina 4-methoxv-l-naphthol
4-Methoxy-l-naphthol was stored in a vacuum desiccator under an 
atmosphere of nitrogen and since solutions of 4-methoxy-l-naphthol 
are subject to aerial autoxidation, affected by choice of solvent, 
these were stored refrigerated^®. Even then solutions in aqueous 
buffer gradually turned grey-blue over a period of hours; the rate 
of autoxidation of solutions was found to be increased by the 
presence of MP-8 .
To reduce autoxidation a small volume (~ 15 /il) of a stock 
solution* of 4-methoxy-l-naphthol in methanol was added to aqueous 
phosphate buffer solution (-3 ml) in the UV cuvette, after the 
addition of MP-8 of HRP, immediately prior to initiating the 
peroxidase reaction by the addition of H2O2 ; refer to 2.4.2.
*Made up each day by dissolving 4-methoxy-l-naphthol (-0.035 g) 
in methanol (AR, 10 ml); stored wrapped in aluminium foil and 
refrigerated.
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Although autoxidation of 4-methoxy-l-naphthol was insufficient 
to effect initial rates of reaction it could increase errors when 
measuring extents of reaction.
2.4.2 Setting-up and initiating reactions in a UV cuvette
All kinetic UV experiments were carried out at 25°C (±0.2°C), 
unless stated otherwise, in 1 cm pathlength UV cuvettes using a 
reaction volume of 3.00 ml (2.00 ml in earlier work; added reac­
tant volumes adjusted accordingly). Volumes of stock solutions 
of reactants (eg. H2O2 , MP-8 ) required to give the desired concen­
trations in exactly 3.00 ml were calculated, knowing the concen­
trations of stock solutions. The total volume of reactants to be 
added was subtracted from 3.00 ml to give the volume of buffer or 
substrate in buffer required.
The following illustrates the procedure for carrying out a 
typical kinetic run, with MP-8 as the catalyst. The appropriate 
volume (2.985 ml) of a solution of guaiacol (1.00 x lO^^M) in 
aqueous (or 20% methanolic) phosphate buffer (0.1 M), pH 7.0 was 
placed into a UV cuvette and allowed to equilibrate at 25°C 
between the heated cell holders for a few minutes. The 
absorbance at 397 nm was zeroed, a portion (1.6 /il) of a stock 
solution of MP-8 in 20% methanol-water added and the cuvette 
stoppered and inverted twice to ensure thorough mixing. The UV 
absorbance at 397 nm was noted (0.097) and the concentration of 
MP-8 in the final reaction solution calculated, allowing for the 
dilution due to subsequently added reactants. In this example 
concentration of MP-8 = (0.097 / 1.57 x 10®) x (2.985 / 3.00) =
6.1 X 10"?M. The absorbance at the wavelength used to follow 
product formation (470 nm for guaiacol) was zeroed and stock H2O2 
(14.5 /il; 0.02082 M) injected giving a concentration of 1.01 x 
10”^M and a total reaction volume of 3.00 ml. The UV cuvette was
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immediately stoppered, rapidly inverted twice, placed into the UV 
spectro-photometer and the rate of absorbance increase monitored 
at 470 nm. The time taken from injecting the H2O2 until the rate 
of reaction was measured was 5-10 seconds.
If the UV spectrum of a reaction product was required then a 
spectrum of the substrate in phosphate buffer was taken before the 
addition of the H2O2 either before or after the MP-8 addition.
The UV spectrum of the reaction solution could be scanned repeat­
edly during the course of a reaction and the spectra over-laid to 
show the formation of product across the UV spectrum.
To study the competitive reaction of MP-8 with two organic 
substrates the same procedure was followed, except that two 
substrates were added to the buffer solution (eg. guaiacol and 4- 
methoxy-l-naphthol); the relative proportions of the two possible 
oxidation products were determined.
For one set of experiments to trap the active intermediate of 
MP-8/ACMP-8 H 2O2 was added at a concentration of 1 x 10”^ or 1 x 
10“^M to a solution of MP-8/AcMP-8 (1/6 x 10“®M, respectively) in 
phosphate buffer in the absence of an organic substrate. Bleach­
ing of catalyst was followed by rep-scanning the UV spectrum; 
once the Soret band had almost totally gone an organic substrate 
was added at the same concentration as the H2O2 and the UV spec­
trum scanned further to detect any regeneration of catalyst.
2.4.3 Addition of organic species to accelerate the rate of 
the peroxidase reaction of MP-8 
For a series of experiments the following species were added to 
reaction solutions to determine their rate-enhancing ability; 
guanidinium hydrochloride (GuaH+), tris, quinine and mono-, di-
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and triethanolamine. They were added to 20% methanolic phosphate 
buffer solutions, 0.7 M (or 0.1 M), pH 7.0 (or 7.5) to give a 
range of concentrations up to 0.1 M (just over 10% of buffer 
strength) and the buffers then used as normal. Stock solutions 
of solid species in methanol were made up so that addition of a 
small volume to buffer solution (25 ml total) gave the required 
concentration; for liquids the appropriate volume of neat liquid 
or of a stock solution in methanol (for the lower concentrations, 
to avoid measuring volumes <1 fil) was added. The pHs of these 
solutions were taken after thorough mixing.
The exception was quinine which tended to precipitate out of 
aqueous solution turning them cloudy at higher concentrations. A 
stock solution of quinine in methanol was made up such that the 
addition of a portion (< 50 /il) to buffer solution (-3 ml, known 
accurately) in the UV cuvette gave the desired concentration.
4-Methoxy-l-naphthol (1 x 10”  ^M) was used as the H donor 
substrate for the reaction with MP-8 (6 x 10~?M) and H2O2 (0.5 x 
10^4#) and the rate determined in the presence of different 
concentrations of the added species (^0.1 M).
A typical example of the reaction conditions and procedure now 
follows: Stock solutions of GuaH+ were made up by dissolving
0.5017 and 5.0618 g into distilled water (10 ml) giving concentra­
tions of 0.52518 and 5.29865 M used for concentrations of GuaH+ in 
the ranges 0.001-0.01 M and 0.02-0.10 M, respectively. A portion 
(285 f J L l ) of the second solution was dissolved into potassium 
phosphate buffer (25 ml; 0.7 M), pH 7.00 to give a GuaH+ concen­
tration of 0.0604 M and the pH measured; pH 6.96. A portion 
(2.975 ml) of this solution was placed into a UV cuvette and 
allowed to equilibrate at 25°C. Stock MP-8 in 20% methane1/water 
was added (3.2 /tl) , and the absorbance at 397 nm measured; the
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concentration was calculated for a reaction volume of 3.00 ml;
5.6 X 10“*7m. stock 4-methoxy-l-naphthol in methanol (14 jul; 
0.0218 M) was added to give a concentration of 1.02 x 10"4m and 
the absorbance at 620 nm zeroed. The reaction was initiated by 
the addition of stock H2O2 (6 /tl; 0.0259 M) , giving a concentrat­
ion of 0.52 X 10“4m and the rate of absorbance increase at 620 nm 
due to oxidation of the 4-methoxy-l-naphthol followed,
2.4.4 Measurement of rates of reaction
Kinetic runs were repeated several times and quoted mean values 
were those of at least three determinations.
For the majority of reactions the initial rates method was used 
to measure the rate of absorbance increase at a fixed wavelength 
appropriate for that substrate. The peroxidase reaction of HRP 
or MP-8 is first-order with respect to the concentrations of H2O2 
and enzyme43. The initial rate of reaction, dAbs/dtt=Or was 
obtained from the gradient of a rate plot of absorbance versus 
time, taken when the slope was essentially linear. If there was 
an initial lag in the rate of product formation dAbs/dt was 
measured once the rate of reaction was fully established. Where 
possible initial rates of reaction were taken during the first 5% 
of reaction, or the first 10% for faster rates of reaction or 
where the total absorbance increase was small. Standard deviat­
ions for this method over several determinations of dAbs/dtt=o 
were generally <+10%.
Alternatively, the first-order rates method was used to 
measure rates of reaction. Absorbance with time was measured at 
a fixed product wavelength and the maximum "infinity" absorbance 
due to product formation noted (typically taken as the absorbance 
value after about ten half-lives). The first-order rate constant
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was obtained from the slope of a plot of ln(AbSco - Abs) versus 
time, the values of Abs used generally being those during the 
first half-life. Deviations in values of first-order rate 
constants were <±5%. This method was unsuitable for reactions of 
substrates the oxidation products of which were susceptible to 
appreciable decomposition with time. With such substrates absor­
bance due to product formation increased to a maximum (lower than 
the true maximum had no decomposition occurred) and then began to 
decrease again.
2.5 Co-ordination of species to MP-8 or AcMP-8
The effect of any co-ordination of species (such as certain 
organic substrates, imidazole or cyanide) upon the Soret band of 
MP-8 or AcMP-8 was determined in the following way. The UV 
spectrum of an aqueous solution of MP-8/AcMP-8 was scanned, in the 
range 300-600 nm, with phosphate buffer as the baseline. Small 
amounts of compounds were added (eg -20 mg of KCN) and the UV 
spectrum re-scanned and overlaid after thorough mixing of the 
solution. Further additions of the compounds were made until no 
further shift in the UV spectrum were observed.
2.6 Determination of AAbs/rHfO^lrnn^umgd values for organic 
substrates in the peroxidase reaction
AAbs/[H202]consumed values for organic substrates were calcula­
ted by measuring the rise in absorbance, at the appropriate wave­
length for that compound, due to formation of oxidation product, 
for a given concentration of H2O2 . This was achieved by allowing 
an accurately known small concentration (-0.5 - 1.0 x lO^^jj) of 
H2O2 to react reasonably rapidly and to completion with an excess 
of substrate (-1 - 10 x lO^^M) in the presence of either HRP or
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MP-8 . ^Abs/[H2©2]consumed was then determined by dividing the
absorbance increase by the concentration of H2O2 ; the process was 
repeated many times to obtain a mean value. If MP-8 was used a 
sufficient concentration was required to ensure that the MP-8 was 
not appreciably decomposed during the reaction by the H2O2 . In 
the case of HRP this was not a problem since it is much less 
susceptible to destruction because of the surrounding protein.
An example follows; 2,4-dimethoxyaniline (2.04 x 10“4m) was 
reacted with H2O2 (0.51 x 10”4m) in the presence of MP-8 (9.6 x 
10"?M) in phosphate buffer, pH 7.0, Product formation was 
followed at 500 nm (absorbance maximum); the absorbance increased 
steadily for 8 minutes and then began to level off. A maximum 
increase in absorbance of 0.251 was reached after -30 minutes. 
Addition of more MP-8 and substrate to the reaction solution did 
not result in any further absorbance increase, indicating that all 
of the H2O2 had been consumed. In this example 
AAbs/[H202lconsumed = 0.251 / 0.51 x lO"* = 4920 M"l.
2.7 Determination of stoichiometrv of peroxidase reactions 
The stoichiometry of the oxidation of organic substrate by 
hydrogen peroxide was calculated as follows:
The peroxidase reaction of the organic substrate (typically 1 x 
10“4m) and MP-8 (ça. 6 x 10"?M) or HRP was carried out at a range 
of concentrations of H2O2 (0.25 - 2.5 x lO^tM), The extent of 
product formation was measured at the appropriate wavelength and a 
plot of maximum absorbance versus concentration of H2O2 made.
The maximum absorbance reached increased with increasing H2O2 
concentration until all of the substrate had been oxidised; above 
that concentration the maximum absorbance reached was constant.
By reading off the H2O2 concentration at which the plot first
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levelled off the concentration required to react with all of the 
substrate was found and so the ratio of H2O2 to substrate. For 
example if the maximum absorbance was first reached with a H2O2 of 
1 X 10“4m, then the ratio would be 1:1, but if only 0.5 x 10*4# 
H2O2 was required then the ratio of H2O2 : substrate would be
1:2.
2.8 Calculation of Relative Catalytic Efficiency fRCE) of MP-8 
The RCE of MP-8 (see chapter 5) is defined as the concentration
of H2O2 consumed divided by the concentration of MP-8 decomposed 
in the peroxidase reaction. An example of the calculation of the 
RCE of MP-8 with guaiacol follows: H2O2 (5.0 x 10*4#) ^as added
to a solution of guaiacol (5.0 x 10*4 #j and MP-8 (1.3 x 10*?M) in 
phosphate buffer (0.1 M), pH 7.0 in a UV cuvette at 25^0 and the 
rise in absorbance due to formation of guaiacol oxidation product 
followed at 470 nm. The absorbance rose rapidly at first and 
then gradually levelled off at until a maximum rise in absorbance 
of 0.191 was reached after 3.5 minutes. Dividing this by 
AAbs/[H2O2 ]consumed (see 2 .6) for guaiacol gives a consumption of 
H2O2 of 0.191/5200 = 3.7 X 10*5 mol/dm^. Addition of more MP-8 
caused the absorbance to increase further, proving that all of the 
initial MP-8 had been destroyed. Thus RCE for MP-8 = 3.7 x 10*5 
/ 1.3 X 10*7 = 280.
2.9 Analysis of the oxidation product of guaiacol 
Solutions of guaiacol and either MP-8 or HRP in phosphate
buffer (pH 7.0/7.5) were equilibrated in a water bath at 25°C.
H2O2 was then added to the solution to initiate the reaction 
leading to formation of the dark orange-brown product. Once 
product formation had reached a maximum the product was extracted
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using chloroform and dried over anhydrous MgSOa (or Na2S0 4 ). The 
solvent was evaporated off to give a dark brown concentrate or 
solid on which UV and tic analyses were undertaken. Alternativ­
ely the product solution was left for 3-4 days allowing the dark 
brown solid to precipitate out leaving an almost colourless solut­
ion which was filtered off and the solid dried in a desiccator.
The following outlines a typical reaction procedure:
Guaiacol (3.0 x 10“3m) and MP-8 (1.8 x 10*6 in phosphate 
buffer (10 ml), pH 7.5 (0.1 M) were reacted with H2O2 (50 /xl, 
giving a concentration of 1.29 x 10"3m) at 25°C in a water bath; 
product formation of a portion (3 ml) was monitored at 470 nm.
(HRP at a concentration of -0.1 mg per 250 ml could used in place 
of the MP-8 ). After two minutes the dark orange-brown product 
was extracted with distilled chloroform (3 x 3 ml). The combined 
extracts were dried over anhydrous Na2S04 for 30 minutes, filtered 
and a UV spectrum obtained in the range 300-600 nm. The chloro­
form was then removed on a rotary evaporator at 330°C until -1 ml 
of a dark red-brown solution remained.
The product was analysed by tic using fluorescent and non- 
fIncrescent tic plates (CH2CI2 solvent) and were viewed in visible 
and UV (254 nm) light, or after exposure to iodine vapour.
39
CHAPTER 3
ACTIVATION OF HYDROGEN PEROXIDE BY PEROXIDASES 
3.1 Introduction
The work described herein investigates various aspects of the 
first step of the MP-8 reaction; the lack of protein (compared to 
HRP and Mb), the nature of the initial intermediate, the effect of 
modifications to the porphyrin and the addition of other species.
The peroxidase reaction of HRP is believed to involve proton 
coupled co-ordination of the hydroperoxide anion HO2” 35,42 (pKa 
of H2O2 = 11.8 41). Peroxidase activity is also exhibited by Mb, 
but in contrast H2O2 binds to myoglobin (Mb) as neutral H2O2 (see 
3.3.2). The difference in behaviour is thought to be due to the 
effect of the protein and since the MP-8 catalyst is essentially 
protein free a comparison of its pH rate profile with those of HRP 
and Mb should reflect this. The pH dependence of the peroxidase 
reaction of MP-8 has already been studied over the range 4.5- 
8 .54 3; this work considers the low pH region (3.2.1).
The peroxidase reaction of MP-8 is suggested38,43 the basis 
of a limited kinetic study to involve the formation of an inter­
mediate analogous to HRP Compound I and despite no MP-8 analogue 
having been isolated (it is suggested^S that it is prone to degra­
dation because of the absence of a distal Phe residue, present in 
the protein cage of the enzyme), limited spectroscopic evidence of 
its existence has been claimed by Adams^®! and identification of 
Compound 0, I and II analogues of AcMP-8 have recently been 
claimed4®.
40
As with the haempeptides78a,84 mp-8 aggregates in aqueous 
solution via tt-tt stacking interactions®^. As well as the forma­
tion of "non-bonded" oligomers the formation of jii-oxo-dimers is 
facilelOS. Acetylated MP-8 (AcMP-8 ) in which the N-terminal Cys 
residues of MP-8 are acetylated has been prepared^?; the replace­
ment of the terminal -NH3+ with -NH Ac on the Cys residues reduces 
the extent of aggregation. Most work on microperoxidases under­
taken by Van Wart40,97 has involved AcMP-8 . The effect of 
acétylation of MP-8 on catalytic activity was investigated (3.2.6) 
to ascertain whether there are any significant differences in the 
peroxidase activities of MP-8 and AcMP-8 and hence whether or not 
our results obtained with MP-8 can be bracketed with those for 
AcMP-8 .
Earlier work^® indicated that certain nitrogenous bases such as 
the guanidinium cation (GuaH+) , MeGuaH”** (chosen to model the side- 
chain of Arg) and tris accelerate the rate of reaction of MP-8 
with H2O2 ; this aspect is investigated in far more detail (see 
3.2.7).
The peroxidase reaction of MP-8 with 1-naphthol was studied to 
investigate the formation of an inactive compound believed to be 
derived from MP-8 Compound I.
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3 - 2 Results
3.2.1 Peroxidase reaction of MP-8 at low pH
The rate of consumption of H2O2 , d[H202]/dt, was calculated by 
dividing initial dAbs/dt by the experimentally determined value of 
AAbs/[H202]consumed at 470 nm for guaiacol, as defined in 2.6. 
Second-order rate constants, k2 were calculated by dividing 
d[H202 3/dt by the initial concentrations of H2O2 and catalyst.
The results (Table 3) show the rate of reaction to be pH-inde- 
pendent? in the presence of Cl” ions, k2 at pH 3 was almost 
double that at pHs 1 and 2, but there were no order of magnitude 
effects and k2 was little effected by the type of acid anion 
present.
It was found that at these low pHs and with the high H2O2 
concentration guaiacol was oxidised in the absence of MP-8 at a 
rate of approximately 25 % that measured in the presence of MP-8 , 
For this reason the "true" rates of peroxidase reaction may be 
slightly lower than those quoted in Table 3.
3.2.2 Reaction of Mb with H2O2
Treatment of Mb with H2O2 results in the formation of a stable 
intermediate of Mb seen as a gradual shift in the Soret band 
absorbance from 410 to 422 nm of about two-thirds intensity with 
formation of isosbestic points. At pH 7.0 within seven minutes 
of adding the H2O2 the Soret band had shifted from 410 to 422.5 
nm; typical UV spectra of the reaction are shown in Fig. 7. The
kinetics of this reaction (Table 4) show that as the pH was 
increased from pH 5.5 to 8.5 the rate of reaction was unchanged.
This pH range was selected to enable comparisons with results for 
MP-8 and HRp35'42,43 to be made.
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Table 3 - Peroxidase activity of MP-8 at low P H
Reaction soln. and pH
Vol. and concH of H2O2 (ul) (mM)
Mean initial dAbs/dt at 470 nm 
(X 10-4s-l)
Mean second- order rate const. ko( M-ls-1
StndDeyH
On-1)
Log
%2
A HCl + KCl
1.0 5 15.86 1.12 1.70 0.16 0.231.0 10 31.72 2.37 1.81 0.06 0.26
2.0 5 15.86 1.25 1.90 0.40 0.282 .0 10 31.72 2.61 1.99 0.09 0.30
3.0 5 15,86 3.06 4.67 0.30 0.673 . 0 10 31.72 5.16 3.93 0.06 0.59
B HoSOvi + KoSO/t
1.0 5 15.54 4.60 7.14 0.40 0.851.0 10 31.09 12.01 9.34 0.18 0.97
2.0 5 15.86 2.72 4.14 0.18 0.622.0 10 31.72 6.33 4.82 0.06 0.68
3.0 5 15.86 4.33 6.59 0.09 0.823.0 10 31.72 9.01 6.87 0.14 0.84
C HNO3 + KNO3
1.0 5 14.98 2.30 4.56 0.53 0.661.0 10 29.95 3.24 3.21 0.08 0.51
2.0 5 14.98 1.43 2.83 0.16 0.452.0 10 29.95 3.24 3.21 0.08 0.51
3.0 5 14.98 2.24 4.43 0.22 0.653.0 10 29.95 3.92 3.88 0.13 0.59
Cone# of H2O2 solutions used: Soln. A - all pHs:Soln. B - pHs 2,3: 6.345MSoln. C - all pHs:ConcH of guaiacol:Conc^ of MP-8 : Temperature;Ionic strength of solutions:AAbs per mole of H2O2 at 470nm:
pH6.345M Soln. B - 5.990M3.09 X 10“®M8.0 X 10-?M 25OC3.05200 M-lcm-1
6.218M
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Table 4 - Reaction of mvoalobln with HoOo'Variation of rate of reaction with pH
pH Mean initial dAbs/dt at 410 nm (X 10-3s-l)
Mean second- rate const., (M-ls-1)
order
%2*n-l
Log
%2
5.5 1.71 65.9 4.5 1.82
6.5 1.58 60.9 2.8 1.78
7.5 1.62 62.1 3.0 1.79
8.5 1.28 49.1 3.9 1.69
ConcH of myoglobin: 2.7 x 10“^MConcH of H2O2 : 2.6 X 1Q-5MPhosphate buffer (0.1 M) Temperature: 25°C
Fig. 7 - UV spectra showing the action of H7Q9 on Myoglobin
AB'
1: Mb 2: H202 added
3 -8: UV scans at 1 minute intervals
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3.2.3 N-Acetylation of MP-8
The MP-8 solution was red-coloured indicating the presence of 
low-spin iron(III), characteristic of nitrogenous base complexes, 
due to aggregation®®. A UV spectrum of the red-coloured concen­
trated solution of MP-8 (indicative of low-spin iron(III) due to 
aggregation) in aqueous solution, pH 9.0 showed two adjoining 
absorbance peaks at 367 and 420 nm in place of the normal Soret 
band at 397 nm and a minor peak at 520 nm. Addition of acetic 
anhydride turned the solution dark brown due to reduced aggrega­
tion resulting in the presence of high-spin iron(III).
Hplc analysis gave one major product peak and two minor peaks; 
the fact that a separate sample spiked with MP-8 gave a fourth 
peak showed that the acétylation had been achieved successfully.
A typical preparative hplc trace is shown in Fig. 8 .
3.2.4 Comparison of aggregation of AcHP-8 and MP-8 in water
Beer's law plots for AcMP-8 and MP-8 are given in Figs. 9 and 
10, respectively; the data is also given in Tables A1 and A2.
The plot for AcMP-8 is linear up to concentrations of around 2.5 x 
10“®M; no significant deviation from linearity was observed in 
the plot for MP-8 over the concentration range studied (to just 
over 1.0 X 10“®M),
3.2.5 Co-ordination of cyanide and imidazole to MP-8 and AcMP-8
Addition of cyanide or imidazole to MP-8 and AcMP-8 caused the 
Soret band to shift to higher wavelength by 14 and 9 nm respectiv­
ely; UV spectra are shown in Fig. 11 and the results summarised 
in Table 5. The spectra of the aquo complexes of both MP-8 and 
AcMP-8 have pronounced shoulders at 350 nm. The spectra of the 
aquo complexes of MP-8 and AcMP-8 differ in that the ratio of
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Fig. 8 - Preparative hplc of AcMP-8; representative chromatogram
Secondary 
AcMP-8 fraction
Fraction collected between X's
AcMP-8 fraction
9 - 10.5 mins
Scale: 2.0
Injection: 
2 0 0 /JlMP-8
3 mins
Fig. 9 - Absorbance vs. Concentration of AcMP-8
Absorbance at 3 9 7  nm
0.8
0.6
0 .4
0.2
0.0
53 420
Concn of A c M P -8  (x 10-6M ) 
Phosphate buffer (0.1 M), pH 7.0  Temperature: 25*C
Fig. 10 - Absorbance vs. Concentration of MP-8
Absorbance at 397nm
0.0
105 150
Concn of M P -8  (X lQ -7 M) 
Phosphate buffer (0.1 tvl) Temperature: 25 C46
Table 5 - Effect of co-ordination of cyanide and imidazoleto MP-8 and AcMP-8
Composition of solution Wavelength of Soret band (nm)
Absorbance Ratio of absorbances
MP-8 397 0.787 1.00MP-8 + cyanide 412 0.752 0.96* 404
AcMP-8 397 1,245 1.00AcMP-8 + cyanide 411 1.000 0.80* 405
MP-8 397 0.998 1.00MP-8 + imidazole 405.5 1.126 1.13* 400
AcMP-8 397 1.217 1.00AcMP-8 + imidazole 405.6 1.119 0.92* 402
* Isosbestic point Phosphate buffer (0.1 M), pH 7.0 Temperature: 25°C
47
Fig. 11 - UV spectra showing co-ordination of cyanide and
imidazole to MP-8/AcMP-8
a) Co-ordination of cyanide to MP-8
MP-8 + CYANIDE IN PHOS. BUFFER p H 7.0 
I1P--8 IN PHOS. BUFFER. pH 7.8
b) Co-ordination of cyanide to AcMP-8
AcHP-8 + CYANIDE IH PHOS. BUFFER p H 7.0 
AcMP-8 IH PHOS. BUFFER, pH 7.0
354.5 411.8
0.211 8.752
532.
ABS
355.6
0.277
10.7 533.8
.080 0.093
c) Co-ordination of imidazole to MP-8
HP-8 + IMIDAZOLE IH PHOS. BUFFER p H 7.0 
HP-8 IH PHOS. BUFFER pH 7.0
d) Co-ordination of imidazole to AcMP-8
AcMP-O ♦ IMIDAZOLE IH PHOS. BUFFER p H 7.0 
AcMP-8 IH PHOS. BUFFER pH 7.0
352.0
0.234
405.5
1.126ABS 405.6 528.01.119 0.087
s
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A400/A350 is lower for MP-8 (3.1-3.3) than for AcMP-8 (3.6-3.7).
Co-ordination of ON” caused a slight decrease in absorbance 
intensity with both AcMP-8 and MP-8 and the shape of the UV 
profiles of the CN“ complexes were identical; when the scales of 
the two spectra were adjusted the overlaid spectra coincided 
exactly. A similar decrease in intensity was observed upon co­
ordination of imidazole to AcMP-8, but with MP-8 a slight increase 
in absorbance intensity of the Soret band was observed. The 
shape of the UV profiles of the imidazole complexes appeared 
identical except for the slight increase in absorbance intensity 
with MP-8.
3.2.6 Peroxidase reaction of AcMP-8
Oxidation of guaiacol occurred using AcMP-8 as the catalyst.
As in the case for MP-843 the addition of nitrate ions had no 
significant accelerating effect on the rate of the peroxidase 
reaction (initial rate 1.03 to 1.09 x 10~3s~l over an added KNO3 
concentration range of 0 to 0.5 The results are shown in
Table A3. Mean k2 for AcMP-8 was 4900 M”is"i at pH 7.03.
3.2.7 Acceleration of the rate of the peroxidase reaction by 
the addition of certain organic compounds
These reactions were carried out using 20% methanolic buffers;
GuaH+
At a buffer strength of 0.7 M small pH changes were observed 
with added GuaH+. Allowing for pH effects there was a steady 
gradual increase (up to ca. 70%) in k2 from 4000 to 6700 M"is"i as 
the concentration of GuaH+ was increased up to 0.1 M; the results 
are given in Table A4.
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Fig. 12 - Variation of rate with Concn of Quinine
Reaction of 4-methoxv-1 -naohthol with MP-8. pH 7.0
Buffer; 
0.1 M *
Buffer: 
0.7 M +
Second-order rate constant, k 2  {M-1s-1) Adjusted for pH 7.00  
15000r » ■ ' , 1 1 1
12500
10000
7500
5000
2500 20% MeOH I sodium phosphate buffer (0.1 M), pH 7.0 
Temperature: 25 C
0 2 3
Concn of quinine (x 10-3M)
[4-Methoxy-1-naphthol]: 1.0 x 10-4M  [H202]: 0.51 x 10-4M  [MP-8]: 6.0  x 10-7M
Fig. 13 - Variation of rate with Concn of Quinine
Reaction of 4-methoxv-1 -naphthol with MP-8. pH 7.5
Buffer:
0.1 M *
Second-order rate constant, k2 (M-1s-1)
30000
20000
10000
20% MeOH I sodium phosphate buffer (0.1 M), pH 7.5 
Temperature: 25 C
2 30
Concn of quinine (x 10-3M)
[4-Methoxy-1-naphthoi]: 1.08 x 10-4M  [H202]: 0.51 x 10-4M [MP-8]: 4 .0  x 10-7M
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Quinine
Quinine has a low solubility in aqueous solutions so was 
studied at low concentrations. The reaction was studied in the 
presence of 0.1 M buffer at pHs 7.0 (Table AS) and 7.5 (Table A6), 
and of 0.7 M buffer at pH 7.0 (Table A7), i© below the pK for 
protonation of the tertiary N atom. The results at pH 7.0 are 
combined in Fig, 12 and those at pH 7.5 are given in Fig. 13. 
Quinine dramatically accelerated the rate of reaction, by up to 
five-fold at a concentration of ”2 x 10“^M. From the hyperbolic 
curves one could determine values of the apparent equilibrium 
constant, K, (see 3.3.6) to be 1700 and 990 M”  ^ at pH 7.0 and 7.5, 
respectively in 0.1 M buffer.
Tris, Ethanolamine and Triethanolamine
Allowing for increases in solution pH these compounds did not 
enhance the rate of reaction; values of k2 (pH adjusted) were 
4400 + 400, 4100 + 500 and 4100 ± 500 M”^s” ,^ respectively over an 
added compound concentration range of 0 to 0.1 M. The results 
are given in Tables A 8 , A9 and AlO, respectively.
Diethanolamine
Over a concentration range of 0 to 0.1 M %2 (pH adjusted) 
varied from 3780 to 5875 M“^s”^; see Table All.
3.2.8 Effect of buffer strength on the rate of the peroxidase 
reaction of MP-8 
Increasing the buffer strength from 0.1 to 0.7 M appeared to 
cause an increase in rate of reaction of nearly 40%; the results 
are given in Table A12.
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3.2.9 Attempt to reverse the bleaching of the active inter­
mediates of MP-8 and AcMP-8 with H2O2
Upon addition of a ten-fold excess of H2O2 the Soret band 
absorbance of MP-8 dropped by 70% over ~2 minutes; no shift in 
wavelength observed. From several runs it was seen that addition 
of 4-methoxyphenol (10-100 fold excess) caused partial regenera­
tion (-50%) of the 397 nm peak over a period of 5 minutes. UV 
scans of a typical run are given in Fig. 14. These reactions 
have been followed by more quantitative studiesll^.
Addition of H2O2 to AcMP-8 resulted in rapid loss of absorbance 
at 397 nm, from 0.96 to -0.29 by the time the first scan was made. 
However, the extent of "bleaching" was less than that with MP-8 
the absorbance decreasing only slightly further over five minutes 
to -0.25; see Fig. 15a. Addition of 2,4-dimethoxyaniline led to 
an immediate rise in the Soret band absorbance to -0.4. The 
absorbance at 398 nm continued to rise slowly up to 0.56 over 5 
minutes (see Fig. 15b); during the same period the absorbance due 
to oxidation product at 500 nm rose from -0 to -0.2 (product has 
an absorbance minimum at -400 nm).
3.2.10 Conversion of MP-8 to 408 nm compound upon addition of 
hydrogen peroxide in presence of 1-naphthol
The rate of loss of absorbance at 397 nm due to MP-8 (-1.3 x 
10~%) upon the addition of H2O2 (0.5 x 10“^M) in the presence of 
1-naphthol (1.0 x 10”^M) was followed; a rapid shift in the Soret 
band of MP-8 from 397 nm to 408 nm with decreased intensity was 
seen. Some oxidation product of the 1-naphthol was formed, but 
the reaction typically reached less than 20% completion based on 
H2O2 . Addition of more MP-8 initially gave an absorbance peak at 
around 400 nm but within a couple of minutes the maximum had
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Fig. 14 - UV spectra showing trapping of an MP-8 intermediate ,
Action of H9O9 on MP-8
1
1 No H2 O2  added 2 Immediately after adding H2 O2  
3, 4 - 25 and 50 sec intervals after adding H2 O2  
5, 6 - 6  and 11 mins after adding H2 O2
b) Addition of 4-methoxvphenol
1 - MP-8; no H2 O2  added 
2 - 2  mins after adding H2 O2  to MP-8  
3 - Immediately after adding 4-methoxyphenol 
4 -6  - 1, 2 and 5 mins after adding 4-methoxyphenol
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Fig. 15 - UV spectra showing trapping of an AcMP-8 intermediate
al Action of HoOo on AcMP-8
396.5
0.969ABS
§1 - No H2 O2  added
2 - Immediately after adding H2 O 2
3 - Five mins after adding H2 O2
b) Addition of 2.4-dimethoxvaniline
398. 6 
0.563 ;ABS
s
1 - Five mins after adding H2 O 2 
2 - 4 -  Immediately, and 30. 60 secs after addition 
of 2 ,4-dimethoxyaniline 
5 - Five mins after addition of 2 ,4-dimethoxyaniline
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shifted to 408 ran again; see Fig. 16. This peak was stable for 
many hours. The 408 nm compound exhibited little peroxidase 
activity in the presence of guaiacol and H2O2 .
Upon the addition of H2O2 to MP-8 in the presence of 1-naphthol
the absorbance at 397 nm dropped rapidly, gradually levelling off 
after around 30-60 seconds to give a steady reading over several 
half-lives. This was carried out at a range of H2O2 concentra­
tions (0.25 - 1.1 X 10~^M) and the first-order rate of decrease in 
absorbance followed at 397 nm at regular intervals; plots of 
In (Abs-AbSoo) versus time were made to obtain first-order rate 
constants. The initial loss of absorbance at 397 nm for a 
typical run is given in Table 6a. The variation of rate of
absorbance loss with H2O2 concentration was found to be first-
order and is summarised in Table 6b.
The reaction was also carried out at a higher 1-naphthol conc­
entration (1.00 X 10“^M) at a H2O2 concentration of (0.6 x 10”^M). 
The rate of reaction was effectively independent of the concentra­
tion of 1-naphthol as shown in Table 6c.
F iq . 16 - UV spectra showing form ation o f a 408 nm peak com pound  
upon reaction o f H , 0 ,  and MP-8 in the presence of ;
[1-Naphthol] 1 X 10"^M
(H2O 2]: 1 - 4  0,5x10-4m
5 I.OxlO-^MI
I
Series of spectra showing the affect of successive additions of MP-8 in the 
presence of 1-naphthol once an initial 408 nm peak was formed
For each pair of peaks; left hand peak is UV scan immediately after adding 
the initial or further amounts of MP-8; 
right hand peak is UV scan approximately two 
minutes later.
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Table 6 - Rate of formation of 4 08 nm peak upon addition of HnOn to MP-8 in the presence of l-naohthol
a^ Rate of loss of absorbance at 397 nm; a typical run
Time, t (s) Absorb, A at 397 nm A - Aoo In (A - Aoo)
0 0.162 0.065 -2.733 0.154 0.057 —2 .866 0.147 0.050 -3.009 0.141 0.044 -3.1212 0.134 0.037 -3.30
Initial absorbance before addition of H2O2 : 0.190Infinity absorbance, Aoqî 0.097, after ~2 minutes Plot of In(A-Aoo) vs. time:Gradient: -0.047 s~^ Half-life: 14.7 sIntercept: -2.72 Correl. coeff: 0.998
b^ Variation of rate of loss of absorbance at 397 nm with concentration of HgO?
ConcH of H2O2
(X 10-4m )
First-order rate constant, 
kobs (® ^)
Half-life
tl/2(s)
Calcd RCE of MP-8 
RCEcal
0.26 0.022 31.5 5.50.52 0.047 14.7 4.50.85 0.072 9.6 4.51.11 0.085 8.2 5.0
Second-order rate constant, k2 for 1-naphthol: 4000 M~ls~l
c) Variation of rate of loss of absorbance at 397 nm with concentration of l-naohthol
Conc^ of First-order Half-life Calcd RCE1-Naphthol rate constant. ti/2 of MP-8(X 10-4 m ) kobs (® ^) (s) RCEcal
1.00 0.054 12.8 4.310.00 0.044 15.6 5.3
Second-order rate constant, k2 for 1-naphthol:a &
1 . 2 2  1 . 1 6
0 . 5 2  see table
  1 . 0  X  1 0 - 4 #Temperature: 25°CPhosphate buffer (0.1 M), pH 7.0 RCE - Relative Catalytic Efficiency of MP-8 (see chapter 6)
RCEcal — ^^ 2 [^2^2 ] o/^obs
Mean [MP-8 ]: CH2O2 ]: [1-Naphthol]:
4000 M-ls-1
£ 71.25 X IQ-'M 0.58 X 10-4m see table
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3.3 Discussion
3.3.1 Peroxidase reaction of MP-8 at low pH
The initial reaction of H2O2 with MP-8 in the peroxidase react­
ion is pH dependent at physiological pH indicating that H2O2 binds 
to the iron of the haemapeptide as HO2” . Despite rather large 
variation in rate in the pH range 1-3, when these points are 
placed on the overall rate - pH profile (see Fig. 17), it appears 
that the reaction is pH-independent at low pH, indicating reaction 
of a neutral H2O2 molecule.
The nature of the axial ligands co-ordinated to the ferric ion 
of MP-8 depends on pH; at neutral pH the axial ligands bound to 
iron(III) are H2O and His, but at lower pHs the ligands are two 
H2O molecules (the His is protonated and unco-ordinated)91.
Our results, coupled with data for various peroxidase enzymes 
over the range pH 3-11 (see gg.l®^), for Mb (see 3.3.2) and MP-8 
in the range 4.5-8.5 ^^) have enabled pH-profiles for the reaction 
of H2O2 with Mb, MP-8 and peroxidase enzymes to be constructed for 
the first time, in Fig. 17;
Fig. 17 - Profiles of second-order rate constants, k? versus pH for
the peroxidase enzymes. MP-8 and Mb10
Enzymic protein 
PEROXIDASE
-e-®— ©-0 -Ge-Q G ^
Protein-free
co-factor,
MP-8
5
Mon-enzymic protein, 
MYOGLOBIN
0 7 14
pH
pH-dependence of the observed (-- ) and extrapolated (- - -)
second order rate constants (calculated on the basis of total 
HgOg added) for the reaction of H^O^ with the Fe(III) ion in 
MP-8, myoglobin and cytochrome c peroxidase.
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NB Since the pK of H2O2 is 11.8 41 above pH 11.8 it exists 
5 0% in the ionised form, HO2” , so less further increase in rate is 
possible. This explains why the plots of k2 versus pH level off 
above pH -12.
This shows that the aquo-Fe(III) porphyrin MP-8 with a His 
axial ligand reacts with H02“ at pH >6 , whilst the diaquo form 
reacts with H2O2® at pH <5 107. Mb also reacts with both H2O2O 
and HO2” , with His as the ligand in both cases. In contrast the 
rate of reaction of MP-8 with H2O2® in acid solutions is not 
significantly affected by the nature of the trans ligand.
Comparison of the upper extrapolated (— ) and lower experi­
mental levels for MP-8 shows that the overall (peroxidase) react­
ion is câ* 10^ faster with HO2* than H2O2 .
The peroxidase enzymes appear to react with undissociated 
H2O2®, but the following evidence suggests that this reflects the 
pH-independent simultaneous binding of HO2” on the Fe and H*^  at 
some other (unknown) site43/91.
a) All the peroxidase enzymes share the unusual characteristic 
that the Fe(III) ion is only able to coordinate an ionic ligand 
(HC02“ , CN” , N3", halides including 1“ 108, where pKc<(-10) or take 
up an electron with the simultaneous and compulsory uptake of a 
proton.
b) Studies on the reversible inactivation of HRP in DMSO-water 
mixtures showed a positive correlation between the capacity for 
rapid reaction with H2O2 and the compulsory binding of H**" on co­
ordination of F” , which strongly suggests the general equilibrium;
HX + Fe(III)^-  ^ H+.Fe(III)X-where HX may be H+F", HCN or H2O2 .
c) The same so-called Compound 0 has been detected at low 
temperature for both AcMP-840 and HRp3G,40. since the kinetics
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have established a key role for H02~ coordinating to Fe in MP-8 it 
seems likely that this is the nature of Compound 0 in both MP-8 
and HRP. This provides independent, indirect evidence that 
reaction with enzymes involves H02“ .
Thus we can point out that the role of the protein appears to 
be to displace the pH profile of the protein-free cofactor by ca.
7 units to the left (lower pH) in the enzymes, through the device 
of a pH-independent H+ coupled binding of HO2", and by 4 units to 
higher pH in the enzymically inert Mb.
3.3.2 Reaction of Mb with H2O2
The rate - k2 [H2O2 ] 0 0/ so the second-order rate constant,
k2 was calculated by dividing the initial rate of decrease of 
absorbance at 410 nm by the initial concentrations of H2O2 and Mb.
Our results show that the reaction of H2O2 with Mb is effectively 
pH-independent in the range pH 5.5 to 8.5, indicating reaction of 
a neutral H2O2 molecule with Mb.
Activation of H2O2 (the rate-limiting step) in the peroxidase 
reaction of Mb involves co-ordination of a neutral H2O2 molecule 
to the iron of Mb; the reaction of Mb with H2O2 has been shown to 
be pH-independent in the ranges pH 4.5-8.5 and pH 8.0-9.5 .
This contrasts with the corresponding reactions of HRP and MP-8 in 
which the H2O2 co-ordinates to the iron as HO2" 35,42,43.
3.3.3 Comparison of aggregation of AcMP-8 and MP-8
In aqueous solution MP-8 aggregates via tt-tt stacking interact- 
ions85 in common with most haem complexes although aggregation is 
not appreciable at concentrations below 1 x 10~6M86,89,90, it 
being essentially (>90%) monomeric in neutral solutions. The 
Beer's law plots show MP-8 to be monomeric up to at least 1 x
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10“% .  Aggregation is substantially reduced for AcMP-8 , being 
monomeric up to 1.3 mM in neutral aqueous solution^?. Acétyl­
ation of MP-8 prevents intermolecular complexation of the 
iron(III) of one molecule by a terminal amino group of the Cys of 
a neighbouring molecule, thus reducing the extent of aggregation.
3.3.4 Co-ordination of cyanide and imidazole to MP-8 and AcMP-B
The UV spectra of MP-8 and AcMP-8 show differences in the aquo
complexes. However, similar shifts in the Soret absorbance bands 
were observed upon co-ordination of CN“ and imidazole to each; 
these high-field ligands co-ordinate to the vacant axial site of 
the five co-ordinate aquo species of iron(III), present at neutral 
pH. MP-8 contains terminal -NH3+ groups on the Cys residues 
whilst in AcMP-8 these are converted to -NHCOCH3 groups. Co­
ordination of CN” has the same effect on AcMP-8 as on MP-8 , 
(decreased Soret band intensity) showing that acétylation of the 
terminal Cys residues does not enable any new interactions to 
occur, such as H-bonding. However, co-ordination of imidazole to 
MP-8 causes an increase in absorbance intensity of the Soret band, 
whilst to AcMP-8 results in a decrease. This may indicate 
differences in the degree of H-bonding between co-ordinated 
imidazole and normal or acetylated amino groups on the terminal 
Cys residues, should such interactions be possible.
3.3.5 Peroxidase reaction of AcHP-B
Acétylation of the N-terminal Cys residues has little effect on 
the rate of formation of the Compound I analogue, in the initial 
reaction reaction with H2O2 ; %2 for both catalysts lie in the
range 5000-8500 M“^s“^. Although k2 with AcMP-8 is slightly 
lower (4900 M“ls“l, see 3.2,6) than that with MP-8 it does not
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indicate significant differences in the reaction mechanism, ie no 
interaction such as Fe(III)02H“ .H3N+-Cys.
The interest in comparing AcMP-8 and MP-8 was to test for any 
possible effect of the neighbouring -NH3"*‘ (in MP-8 ) sg in stabili­
sing HO2” , as do QH+ and GuaH+ (see 3.3.6), compared with -NHOAc 
(in AcMP-8 ).
Further experiments involving the variation of rate of reaction 
of AcMP-8 with guaiacol concentration and the relative catalytic 
efficiency (RCE) of AcMP-8 are dealt with in chapters 4 and 5 
respectively,
3.3.6 Acceleration of the rate of the peroxidase reaction by
the addition of certain organic compounds
Addition of some of the compounds under conditions previously 
reported^] with buffer strengths of 0.1 M resulted in large pH 
changes and so buffers of 0.7 M were used and concentrations of 
added compounds kept <0.1 M. We have confirmed rate enhancement 
of the peroxidase reaction upon addition of GuaH+ (see Fig. 18);
up to 40% increase in rate at concentration of 0.1 M. This effect
is unlikely to be due to co-ordination of GuaH+ to the iron since
no spectral changes in the MP-8 were detected^S. it is 
suggested43 that acceleration results from the formation of 
adducts between the added species and HO2” ; for instance, GuaH+ 
(pKa 13.5 5) could form two H-bonds to and thus stabilise HO2", 
thereby effectively lowering the pKa of H2O2 (11.8 41). Additi­
onally, proton transfer to the unco-ordinated oxygen atom to give 
Compound I and H2O could be facilitated.
Our results for tris are incompatible with previous results43. 
the apparent accelerating effect is attributed to the increased 
solution pH resulting from addition of tris. Once rates had been 
adjusted for pH changes it was found that neither ethanolamine or
61
Fig. 18 - Structures of the guanidinium cation, GuaH+(and proposed binding to H02-) and of Quinine
/H
CH
CHOH
Quinine
Proposed H-bonding of 
HOg* to guanidinium cation
triethanolamine have any accelerating effect, but diethanolamine 
did appear to cause an increase, of up to 50%.
Byfield^O found that quinine (see Fig. 18) forms a molecular 
complex with MP-8 in aqueous methanolic solutions with an associa­
tion constant of log K = 1.68 ± 0.04; therefore the effect of 
quinine on the peroxidase reaction with MP-8 was investigated in 
this work. It could either (i) sterically block the site, or 
(ii) accelerate the rate by stabilising H02~.
Assuming an equilibrium between QH+ and another species leads 
to formation of some complex (QH+.X), which accelerates the 
peroxidase reaction, then the rate of reaction would initially 
increase with increasing QH"^  concentration then level off at a 
rate of reaction corresponding to the maximum concentration of 
complex formed. An apparent equilibrium (or binding) constant, K 
is defined as the reciprocal of the concentration of added species 
required to give 50% of the total (extrapolated) increase in the 
rate of reaction. We have shown that the addition of quinine 
causes a dramatic rate increase (log K = 3.23 at pH 7 and 3.00 at 
pH 7.5 in 0.1 M buffer) much larger than that with GuaH+ and that 
the rate can be increased by a ratio which is generally pH-inde- 
pendent. These results may be taken to indicate that one partner 
is the reactive HO2” .
This compares with a reported log K of 1.7 for GuaH+, though 
in 0.1 M 20% methanolic buffer this can be largely attributed to a 
pH effect. The rate of reaction in the absence of quinine was 
lower in 0.1 M buffer solutions so the increase in rate of reac­
tion in the presence of quinine appeared greater than that 
observed in 0.7 M buffer.
Quinine exists in the protonated form (QH+) in neutral solution 
(pKa « 8.52 110) and so QH+ is the other partner. One line of
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thought postulates that this binds to HO2" forming a QH+HO2” ion 
pair, presumably near to the Fe ; in this way stabilisation of 
HO2” may facilitate ionisation of H2O2 , effectively reducing its 
pKa. Since the protonated form of quinine binds strongly to 
MP-8 90 the local concentration of H02“ around MP-8 would be 
increased, enhancing rate of formation of the Compound I of MP-8 .
3.3.7 Effect of buffer strength on the rate of the peroxidase 
reaction of MP-8
To enable accurate comparisons with earlier results^3 the 
affect of buffer strength on rate of the peroxidase reaction was 
investigated. Rates appeared around 4 0 %  higher in 0 . 7  M buffer 
than those in 0 . 1  M buffer (in the absence of added species), as 
noted p r e v i o u s l y 4 3 ,  however, at the highest concentrations of 
added quinine the extent to which the rate of reaction was accel­
erated was independent of ionic strength (Tables A 5 ,  A 7 ) . This 
suggests that phosphate ions themselves are capable of promoting 
the activation of H2O2 at high concentrations through an ionic 
effect^but that their %ffeet is much less than that due to the 
stronger interactions which occur with GuaH+ and quinine.
3.3.8 Attempt to reverse the bleaching of the active inter­
mediates of MP-8 and AcMP-8 with H2O2
In the absence of an electron-donor substrate treating MP-8 
with H2O2 results in irreversible bleaching seen as a rapid loss 
of the Soret absorbance band at 397 nm (see chapter 5 ) , indicative 
of degradation of the porphyrin.
Addition of H2O2 is followed by a rapid decrease in absorbance 
at 397 nm, with a subsequent slower loss of absorbance. It has 
been postulated^Ol that the initial rapid reaction is MP-8
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Compound I formation with a °f 395 nm and a much lower absor­
bance intensity than MP-8 ; similar changes attributed to Compound 
I formation have been reported for AcMP-8 40.
However, we do not believe that the 397 nm Soret band we
observed is MP-8 Compound I. It is suggested that MP-8 Compound
I is formed initially, but in the absence of a substrate gradually
decomposes, via one or more catalytically less active intermedi­
ates. These may be MP-8 analogues of the intermediates termed 
IIIc and IVc by Clore gt al^^^ for the reaction of H2O2 with 
MP-11. This could account for the relatively slow, but steady, 
rise in absorbance at 397 nm and for the reduced rate of oxidation 
of 4-methoxyphenol indicating partial regeneration of MP-8 .
Since the work detailed herein a quantitative trapping study 
has been carried out on MP-8 with 2 ,4 - d i m e t h o x y p h e n o l ^ ^ 2 . This 
indicates that at least four oxidised forms of MP-8 are capable of 
oxidising phenols. It is proposed that MP-8 Compound I undergoes 
a rapid intramolecular one-electron transfer reaction to a less 
reactive intermediate in the absence of substrate which subsequ­
ently reacts with added substrate via an additional catalytic 
peroxidatic cycle.
Although undergoing bleaching, AcMP-8 is less susceptible to 
destruction by H2O2 than MP-8 attributable to the acetylated N- 
terminal amino groups. The absorbance at 397 nm dropped by
around 75%, accompanied by a small shift to lower wavelength (as 
observed by o t h e r s 4 0 ) , but unlike MP-8 the Soret band was not 
eventually lost completely. Although regeneration of the Soret 
band upon adding substrate was more marked than that with MP-8 the 
rate of increase was slower than that expected for the reaction of 
a Compound I analogue. If the latter was present then almost
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complete regeneration of the AcMP-8 peak would be expected by the 
time the first scan following addition of substrate was made. As 
with MP-8 , in light of these results it is felt that the low 
intensity Soret band is not actually due to Compound I. Although 
AcMP-8 Compound I has been claimed to have been detected at low 
t e m p e r a t u r e ^ 0 it is likely that the absorbance band observed in 
the current experiments is of a less active intermediate of AcMP-8 
formed from Compound I but retaining some catalytic activity.
3.3.9 Conversion of MP-8 to 408 nm compound upon addition of 
hydrogen peroxide in presence of 1-naphthol
The first-order dependence of the rate of formation of the 408 
nm compound upon H2O2 concentration and independence of 1-naphthol 
concentration, together with the step-wise build up with success­
ive additions of MP-8 , provides evidence for this catalytically 
inactive compound, being derived from MP-8 Compound I. The 
structure of this compound is closely related to that of MP-8 
since both are insoluble in ether, but unlike MP-8 imidazole has 
no apparent effect, which suggests that some other strong field 
ligand (possibly terminal -NH2 ) is already coordinated to the Fe.
It is suggested that the inactive 408 nm compound arises from a 
substrate-dependent decomposition MP-8 Compound I. In the 
absence of a substrate MP-8 Compound I is bleached, whilst 
reaction with most substrates results in regeneration of MP-8 . 
1-Naphthol prevents bleaching, but an alternative substrate- 
dependent decomposition reaction of MP-8 Compound I is predomi­
nant; see chapter 5.
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3.4 Conclusions
We have shown that the reaction of H2O2 with Mb is pH-independ- 
ent in the range pH 5.5 to 8.5, confirming that the reaction 
involves the reaction of a neutral H2O2 molecule with Mb. Also, 
at low pH the peroxidase reaction of MP-8 with H2O2 involves a 
neutral H2O2 molecule rather than the HO2” anion, as at physiol­
ogical pH; the reaction is thus pH-independent as with HRP^°6 and 
Mbl7,109, Comparison of the pH-profiles for Mb, HRP and MP-8 
suggest that the role of the protein is to displace the pH profile 
of the co-factor by about 4 units to higher pH in Mb and by about 
7  units to lower pH in the enzymes.
Acétylation of the N-terminal Cys residues of MP-8 appears to 
effect H-bonding interactions with co-ordinated imidazole.
Although the rate of the peroxidase reaction of AcMP-8 was approx­
imately two-thirds that with MP-8 , there were no order of magni­
tude differences. Therefore the key point is that there is ng 
acceleration by Cys-NHg* in MP-8 . This enables us to bracket the 
work on AcMP-8 by Van W a r t 4 0 , 9 7  with ours on MP-8 .
By contrast, the initial reaction of MP-8 with H2O2 is acceler­
ated dramatically by the addition of protonated quinine (pKa 8.5) 
which is believed to stabilise HO2"; smaller effects were 
observed with GuaH+ and diethanolamine. A previously reported 
accelerating effect of tris has been attributed entirely due to pH 
changes.
Treatment of MP-8 or AcMP-8 with H2O2 in the absence of a 
substrate results in bleaching and the formation of compounds with 
much lower Soret band absorbances at slightly lower wavelength. 
These compounds are capable of reacting with substrate to regener- 
ate MP-8/ACMP-8 , but at a/(much s lower expected for a Compound I
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analogue ie cannot be intermediates in the catalytic reaction.
They are considered to be intermediates derived from MP-8/AcMP-8 
Compound I respectively.
A catalytically inactive form of MP-8 , absorbing at 408 nm, is 
formed by reaction of MP-8 with H2O2 in the presence of 1-naphthol 
and is believed to result from a substrate-dependent decomposition 
reaction of MP-8 Compound I.
3.5 Experimental
Standard kinetic analyses conditions, as detailed in chapter 2 
were employed, except as indicated below:
3.5.1 Peroxidase reaction of MP-8 at low pH
MP-8 (0.23 mg in 1.0 ml of 20% methanol/ water) and guaiacol 
(85 f J L l ) were added to stock acid solutions (250 ml) , in place of 
phosphate buffer, to give the desired concentrations. To avoid 
effects of differing ionic strengths of the three acid anions (Cl“ 
SO^Z" and NO3”) ionic strengths of 3.0 were obtained by adding the 
dilute acids to aqueous solutions of KCl (2.95 M) , K2SO4 (<1 M) 
and KNO3 (2.95 M) , respectively, to obtain pHs 1, 2 and 3 for each 
acid.
3.5.2 N-Acetylation of MP-8
The method of Wang and Van W a r t ^ 7  was used with minor modifica­
tions. The pH of a solution of NaHC03 (0.1 M) was adjusted to pH
9.02 by the addition of dilute NH4OH solution. MP-8 (10 mg) was 
dissolved in this solution (5 ml) and a 500-fold molar excess of 
acetic anhydride slowly added, as 10 nl portions every 2-3 minutes 
to a total volume of 325 jul, to the stirred solution at room 
temperature over ~1.5 hours. The solution was then left stirring 
for a further 1.5 hours. A portion {5 nl) of the solution was
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analysed by hplc, as below, to show three peaks; one main product 
peak, none were due to unreacted MP-8 :
Column: Analytical Techopak 10C18 reversed-phase,
30 X 0.39 cm
Detector: UV (397 nm) Flow: 1.5 mlmin”^ Sample: 5 fMl
Solvents: A - 60% MeCN + 0.1% TFA in HPLC water
B - Hplc water
Gradient: Time, t Solvent CompH(mins) A (%) B0 50 509 75 2512 100 016 100 0
The AcMP-8 was purified by preparative hplc:
Column: Semi-preparative Techopak 10C18 reversed-phase,
30 X 0.78 cm
Detector: UV (397 nm) Flow: 3.0 mlmin~i Sample: 200 jil
Solvents, Gradient: As for analytical hplc
Typical preparative hplc trace shown in Fig. 8 ; product fraction 
collected between 9.5 and 10.75 minutes.
Acetonitrile was removed from the combined product fractions by 
rotary evaporation at ^30°C with a water pump. Water was removed 
at <3 0^C using a rotary evaporator and water pump equipped with a 
dry-ice/acetone condenser, the last few mis being removed on a 
freeze drier; flocculent dark brown/black solid (-4 mg).
UV spectra of the AcMP-8 and MP-8 were obtained in phosphate 
buffer (0.1 M ) , pH 7.0 in the range 300-600 nm ; see Fig. 11.
3.5.3 Acceleration of the rate of the peroxidase reaction by 
the addition of certain organic compounds
The concentration ranges of added species are summarised below; 
buffers were potassium phosphate (0.7 M) or sodium phosphate 
buffer (0.1 M) :
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Compound Conc^‘ (M) Buffer (M) pH
GuaH+ 0 . 0 0 1 to 0 . 1 0 0 0 . 7 7 . 0
Quinine 0 . 1  to 2 , 1  X  1 0 - 3 0 . 1 7 . 0
0 . 0 5  to 2 . 1  X  1 0 - 3 0 . 1 7 . 5
0 . 5  to 2 . 0  X  1 0 - 3 0 . 7 7 . 0
Tris 0 . 0 0 1 to 0 . 1 0 0 0 . 7 7 . 0
Ethanolamine 0 . 0 0 1 to 0 . 1 0 3 0 . 7 7 . 0
Diethanolamine 0 . 0 0 1 to 0 . 1 0 0 0 . 7 7 . 0
Triethanolamine 0 . 0 0 1 to 0 . 1 0 1 0 . 7 7 . 0
3.5.4 Conversion of MP-8 to 408 nm compound upon addition of 
hydrogen peroxide in presence of 1-naphthol 
H2O2 (0.51 X 10-4M) was added to MP-8 (5.6 x 10~?M) in 0.1 M 
phosphate buffer, pH 7.0 containing 1-naphthol (1.0 x 10”4 m) and 
the Soret band of MP-8 was monitored in the range 300-600 nm at 40 
second intervals. When, after several minutes, no further change 
was observed, further portions of MP-8 were added up to a total of 
~1 X lO^^M. Further stock H2O2 (11 Ml) was added when the conc­
entration of added MP-8 was ~5 x 10“^M to allow the reaction to 
continue. On completion (a) an attempt was made to extract the 
408 nm compound with diethyl ether from the solution in the UV 
cuvette, (b) the effect of adding imidazole to the 408 nm compound 
was examined and (c) the peroxidase activity of the compound was 
determined by adding guaiacol (0.97 x 10“^M) followed by more H2O2 
(0.5 X 10”4m) and scanning the spectrum in the range 400-600 nm 
for product formation.
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CHAPTER 4
SCOPE OF THE PEROXIDASE REACTION OF THF COMPOUND I INTERMEDIATE OF 
MP-8 AND HRP WITH A RANGE OF SUBSTRATES
4.1 Introduction
The following is a simplified reaction scheme for the peroxid­
ase reaction of MP-8 :
H2O2 SMP-8 ------------ ► I ----------- ► prod + MP-8slow fast(via Compound 0)
where I is the MP-8 analogue of HRP Compound I and S is an 
electron-donor substrate, such as guaiacol.
MP-8 Compound I formation is the rate-limiting step under 
appropriate experimental conditions. By analogy with HRP, MP-8 
should be capable of oxidising a wide range of phenolic and 
aniline electron-donor substrates. In this chapter a range of 
such compounds is investigated to determine the scope of the 
reaction and the extent to which the above mechanism is adhered.
In earlier studies by workers such as GeorgeS?, Mann^lS and 
Chancell4,115 the commonly used substrates for peroxidase studies 
were leucomalachite green, pyrogallol, ascorbic acid and guaiacol 
which are all oxidised to give characteristic colours. With the 
development of UV spectrometers a range of organic species which 
are oxidised to products with strong UV absorbances have been used 
as electron-donor species; commonly used substrates include 
aromatic amines and phenols as well as inorganic species such as 
iodide and ferrocyanide. For most electron-donor substrates
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oxidation results in the formation of coloured or strongly UV- 
absorbing oxidation products, generally dimers or polymers of the 
original substrate^lG formed via a radical cation. The main 
requirements for a suitable substrate for measuring peroxidase 
activity are; it should give a stable, well-defined UV/visible 
absorption product, should be chemically stable and should be 
specific for peroxidase.
Guaiacol (2-methoxyphenol) has become one of the most widely 
used organic substrates; it was first used extensively by Mannü3 
and a detailed method for its use in assay work, developed by 
Devlin, is given by Chance and MaehlyllS. Guaiacol was used by 
G e o r g e 3 7 b  in his pioneering work on peroxidase enzymes and in many 
ways it has become the standard assay substrate.
For this reason guaiacol is studied here in detail and its 
suitability as the "standard" peroxidase assay substrate investig­
ated. The oxidation product, first investigated by Bertrand^^^, 
is termed "tetraguaiacol", but this is inaccurate as shown by work 
in chapter 6 of this thesis and that by Booth and Saunders^^®.
4.2 Results
4.2.1 Preliminary investigation of a range of substrates 
for the peroxidase reaction 
The colour and nature of the oxidation products, suitable 
monitoring wavelengths, stoichiometry of reactions and values for 
the absorbance increase (due to substrate oxidation at a specified 
wavelength) per mole of H2O2 consumed, ^Abs/[H202]consumed are 
given in Table 7, together with details for other important 
peroxidase substrates.
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Table 7 - Substrates for the peroxidase reaction
Subst Product
Colour Wave­length Type (nm)
AAbs/[H2O2 ]consumed(M-lcm-1)
Stoich subst: H2O2
Ref.
Obliaatorv 1-electron donors
1 Bright green 412 rc 64800 2:1 38,121,1412 Pale blue 300 rc 10600* 2:1 483 Pale yellow 420 Fe3+ 2200 2:1 Ch. 4
1- or 2-electron donors
4 Yellow 450 d 1500 — ■■ ■ 1425 Orange 430 P 2470 --- 114b,1176 Orange, brown 470 dm 5200 1:1 Ch. 47 Orange, pink 470 m 7350 1:1 Ch. 48 Colourless 315 d 2700 2:1 Ch. 49 Colourless 256 d 13700 2:1 Ch. 410 Pale mauve 450 d 2000 --- 148, Ch. 411 Colourless 450 d 1900 --- 148, Ch. 412 Blue 620 dq 4250 1:1 50, Ch. 413 Malachite green 600 1 — --- 115,116,14514 Red 494 dm 5100 2:1 Ch. 415 Pale mauve 500 dm 5000 2:1 Ch. 4
Key to product types:d - dimeric 1 - Leucomalachite green m - mixturep - Purpurogallin q - quinone rc - radical cation
Substrates:1 - ABTS, 2,2'-azino-di-(3-ethylbenzthiazoline-6-sulphonic acid)2 - 2,4,6-Tri'^butylphenol* 50:50 MeOH/H2 0 ; 9200 M“3-cm”  ^ in MeOH.3 - Ferrocyanide, [Fe(CN)6]4-4 - Phenol.5 - Pyrogallol, 1,2,3-trihydroxybenzene6 - Guaiacol, 2-methoxyphenol7 - Diguaiacol, 2,2'-dihydroxy-3,3 *-dimethoxydiphenyl8 - 4-Methoxyphenol9 - 2,4-Dimethoxyphenol10 - 1-Naphthol11 - 2-Naphthol12 - 4-Methoxy-1-naphthol13 - Leuco base, 2,3 *,6-chloroindophenol14 - 4-Methoxyaniline15 - 2,4-Dimethoxyaniline
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Values of AAbs/[H2O2 ]consumed determined as in 2.6 are subject 
to a degree of uncertainty (<±5% for most substrates, but <+10% 
for 1- and 2-naphthol with low product molar absorbance coeffici­
ents) due to the instability of some oxidation products and the 
slow rate of reaction in some cases. A value for AAbs^yo/
[H2O2 ]consumed 5200 M“^s“i was determined for the oxidation 
product of guaiacol and used in preference to the value of 6650 
M-^cm-l derived from the value for the molar absorbance coeffici­
ent of "tetraguaiacol" of 26.6 x 10  ^ M“^cm-^ 115, uv spectra of 
the oxidation products of guaiacol, diguaiacol and 4-methoxy- 
aniline are shown in Fig. 19 and of 4-methoxy-1-naphthol in Fig. 
20; NB identical products are obtained with MP-8 or HRP as the 
catalyst.
4.2.2 Rate constants for the peroxidase reaction of MP-8 
For guaiacol, diguaiacol, 4-methoxyphenol and 4-methoxy-l- 
naphthol in the peroxidase reaction with MP-8 initial dAbs/dt was 
found to be linear with respect to the concentration of MP-8 and 
H2O2 at concentrations of substrate high enough that such 
concentrations were effectively constant.
An example plot of initial rate of reaction of guaiacol and 
MP-8 versus H2O2 concentration is given in Fig. 21; results for 
diguaiacol are given in Figs. 22, 23 (and Tables A13, A14); for 
4-methoxyphenol in Figs. 24, 25 (and Tables A15, A16); and for 4- 
methoxy-1-naphthol in Figs. 26, 27 (and Tables A17, A18).
The variation of the initial rate with substrate concentration 
was determined for a number of different substrates, with both HRP 
and MP-8 in each case; reaction concentrations are included in 
the Tables of results A19, A23, A24-A33. The concentration range 
of substrate varied, depending upon solubility, but was usually 1
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Fig. 19 - UV spectra of the oxidation products of guaiacol. diguaiacol 
and 4-methoxvaniline
a) Guaiacol
420.80.447
2
Similar oxidation products are obtained using MP-8 or HRP as the catalyst
b) Diguaiacol
Series of overlaid spectra showing product formation
[Diguaiacol]: 4 x 1 0 ^ M  
[H2O2I: 1 x 1 0 -^ M  
[MP-8]: 6 x 1 0 -7 m
MP-8
Similar oxidation products are obtained using MP-8 or HRP as the catalyst 
1 No H2O2 added 2  -  Immediately after adding H2O2 
3 - 7  2 minute intervals after adding H2O2
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Fia 19cV Oxidation product of 4-methoxvanîline
Series of overlaid spectra a t 2  minute Intervals showing product formation
[4-IWeOPhNH2l: S x K H iW  
(H2O2I: 1 X 10-^IV! 
Catalyst; HRP
X 496.8 
ABS 0.513
Similar oxidation products are obtained using MP-8 or HRP as the catalyst
Fig. 20 . UV spectrum of the oxidation product of 4-methoxv-l-naphthol
[4-M eO -1-NpO H]:' 1 x 1 0 -^ M  
(H2O2 I: 1 X 10-^M  
Catalyst: HRP
350.1 470.1 600.6
0.185 0.036 0.250ABS
i
Similar oxidation products are obtained using MP-8 or HRP as the catalyst
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Fig. 21 - Initiai rate vs. Concn of H202
Peroxidase reaction of MP-8 with guaiacol
Initial rate, at 470 nm (x 10-4 s-1)
0.001
Ptiosptiate buffer (0.1 M). pH 7.0  
Temperature: 25 C0,0000.0 0.5 1.0 1.5 2.0
Concn of hydrogen peroxide (x 10-4M) 
[Guaiacol): 3 .09  x 10-3M (MP-S); 5.8 x 10-7M
Fig. 22 - Initiai rate vs. Concn of H202
Peroxidase reaction of MP-8 with diguaiacol
Initial rate, dAbs/dt (x lO -3s-1)
Phosphate buffer (0.1 t^l. pH 7.5 
Temperature; 25 C
1.5 2.01.00.50.0
Concn of H 20 2  (x 10-4M)
[Diguaiacol]; 2.25 x 10-4M [t\4P-8|; 1.85 x 10-7M
Fig. 23 - Initial rate vs. Concn of MP-8
Peroxidase reaction of MP-8 with diguaiacol
Initial rate. dAbs/dt (x lO -3 s -i)
Phosphate buffer (0.1 M). pH 7,5 
Temperature; 25 C
6 6 to40 2
Concn of M P -8  (x 10-7M) 
(Diguaiacol]; 2 .0  x 10-4M [H202]: 1.02 x 10-4M
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Fig. 24 - Variation of rate with Concn of H202
Peroxidase reaction of MP-8 with 4-methoxvphenol
Initial rate, dAbs/dt (x 10-3 s-1)
Phosphate buffer (0.1 M). pH 7.0 
Temperature: 25 C
2 6 100 4 8
Concn of H202 (x 1Q-4M) - 
[4-Methoxyphenol); 2.06 x 10-4M  [MP-8]: 2.0 x 10-7M
Fig. 25 - Variation of rate with Concn of MP-8
Peroxidase reaction of MP-8 with 4-methoxvphenol
initial rate, dAbs/dt (x 1Q-3s-1)2.0
0.5
Phosphate buffer (0.1 M). pH 7.0  
Temperature: 25 C0.0
2 60 4 8
Concn of M P-8 (x 1Q-7M) 
[4-Methoxyphenol]: 2.06 x 10-4M  (H202]: 1.96 x 10-4M
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Fig. 26 - Variation of rate with Concn of H202
Peroxidase reaction of MP-8 with 4~methoxv^1-naphthol
Initial rate, dAbs/dt (x 10-4s-1)b
4
3
2
Phosphate buffer (0.1 M), pH 7.0 
Temperature: 25 C0
0 5 10 15
Concn of H202 (x 10-5M) 
[4-tvlethoxy-1-naphthol]: 1.01 x 10-4M [MP-8): 1.8 x 10-
Fig. 27 - Variation of rate with Concn of MP-8
Peroxidase reaction of MP-8 with 4-methoxv-1-naohthoi
Initial rate. dAbs/dt (x 10-4s-1)
Phosphate buffer (0.1 fvl). pH 7.0  
Temperature: 25 C
2 60 4 8 10
Concn of M P-8 (x 10-7M) 
[4-îvlethoxy-1-naphthol): 1.02 x 10-4M  [H202]: 0.51 x 10
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X 10"5 to 0.01 M or higher. For guaiacol the reaction was also 
carried out using AcNP-8 and Mb as the catalyst, for comparison 
purposes, but only with MP-8 in the case of diguaiacol because of 
the small amount of substrate available.
Rate versus substrate concentration profiles are as follows:
Substrate Catalvst Table Fig,
Guaiacol MP-8 A19 28
Guaiacol AcMP-8 A20 29
Guaiacol HRP A21 30
Guaiacol Mb A22 31
Diguaiacol MP-8 A23 32
4-Methoxyphenol MP-8 A24 33
4-Methoxyphenol HRP A25 34
4-Methoxy-1-naphthol MP-8 A26 35
4-Methoxy-1-naphtho1 HRP A27 36
4-Methoxyaniline MP-8 A28 37
4-Methoxyaniline HRP A29 38
2,4-Dimethoxyaniline MP-8 A30 39
2,4-Dimethoxyaniline HRP A31 40
Ferrocyanide MP-8 A32 41
Ferrocyanide HRP A3 3 42
Values for k2 , the second-order rate constant for a
substrates were determined at substrate concentrations at which 
the rate was effectively substrate-independent ; reactant concen­
trations and values of k2 are given in Table 8 . This data is 
taken from the results above except for 1-naphthol and 2,4,6- 
tri^butylphenol for which reactions are summarised in Tables A34 
and A35.
The mean value of k2 obtained on the plateau region of rate 
versus guaiacol concentration (Table A19) was 8000 ±500 M”^s”l,
80
<n
4
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2a§ 1.5
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0
Fig. 28 - Rate vs. Concn of Guaiacol
Reaction of guaiacol with MP-8
-5.5 -4.5 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  g u a i a c o l )
-0.5
v>
2.5
2
o 1.5I 'I 0.5
Fig. 29 - Rate vs. Concn of guaiacol
Reaction of guaiacol with AcMP-8
-5.5 -4.5 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  g u a i a c o l )
-0.5
Fig. 30 - Rate vs. Concn of guaiacol
Reaction of guaiacol with HRP
0)
10 -(05c
-4.5 -2.5-3.5-5.5 1.5 -0.5
L o g  ( C o n c n  o f  g u a i a c o l )
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Fig. 31 - Rate vs. Concn of guaiacol
Reaction of guaiacol with~Mb
- 4 . 5 - 3 . 5  - 2 . 5  - 1 . 5
L o g  ( C o n c n  o f  g u a i a c o l )
- 0 . 5
2 . 5
Ô  1 . 5
f  ^
I 0 . 5
F i g .  3 2  -  R a t e  v s .  C o n c n  o f  d i g u a i a c o l
R e a c t i o n  o f  d i g u a i a c o l  w i t h  M P - 8
p H  7 . 5
3  4  5  6  7
C o n c n  o f  d i g u a i a c o l  ( x  1 0 - 4  M )
10
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4.5
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4 3.5(As 3 -oV 2.5,x.
« 2CO 1.510
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Fig. 33 - Rate vs. Concn of 4-methoxyphenol
Reaction of 4-methoxyphenol with MP-8
-5.5 .^5 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  4 - m e t h o x y p h e n o l )
-0.5
25
20
o 15
<Dg  10
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F i g .  3 4  -  R a t e  v s .  C o n c n  o f  4 - m e t h o x y p h e n o l
R e a c t i o n  o f  4 - m e t h o x y p h e n o l  w i t h  H R P
-5.5 - 4 . 6 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  4 - m e t h o x y p h e n o l )
-0.5
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Fig. 35a - Rate vs. Concn of 4-methoxy-1-naphthol
Reaction of 4-methoxy-l-naphthQi with MP-8
2 . 5
o
^  1 . 5
Îre
c 0 . 5
54 . 543 . 532 . 521 . 510 . 50
C o n c n  o f  4 - m e t h o x y - 1 - n a p h t h o l  ( x  1 0 - 4  M )
-  2 . 5(À
^ 20
^  1 . 51 ,
1
—  0 . 5
F i g .  3 5 b  -  R a t e  v s .  C o n c n  o f  4 - m e t h o x y - 1 - n a p h t h o i
R e a c t i o n  o f  4 - m e t h o x y - 1  - n a p h t h o l  w i t h  M P - 8
- 5 . 5 - 4 . 5  - 3 . 5  - 2 . 5  - 1 . 5
L o g  ( C o n c n  o f  4 - m e t h o x y - 1 - n a p h t h o l )
- 0 . 5
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Fig. 35c - Plot of 1/initial rate vs. substrate Concn
Reaction of 4-methoxy~1-naphthol with MP-8
K  =  B i n d i n g  c o n s t a n t  o f  4 - m e t h o x y - 1 - n a p h t h o l  t o  M P - 8  
K  -  s l o p e A [ H 2 0 2 J [ M P - 8 ^ =  2 6 0 0  M - 1
[ H 2 0 2 ]  =  1 . 0 2  X 1 0 - 4  M [ M P - 8 ]  =  4  X 1 0 - 7  MH------1------1--
Slope =  8 . 8 2  X 1 0  9  M - 2 s
0 . 5 1 . 5  2  2 . 5  3  3 . 5
C o n c n  o f  4 - m e t h o x y - 1 - n a p h t h o l  ( x  1 0 - 4  M )
4.5
I
1c
- 5 . 5
Fig. 36 - Rate vs. Concn of 4-methoxy-1 -naphthol
Reaction of 4-methoxy-1-naphthol with HRP
4 0
- 4 . 5 - 3 . 5  . 2 . 5  - 1 . 5
L o g  ( C o n c n  o f  4 - m e t h o x y - 1 - n a p h t h o l )
- 0 . 5
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Fig. 37a - Rate vs. Concn of 4-methoxyaniline
Reaction of 4-methoxvaniline with MP-8
2.5 T
o
X0)sca
•E 0.5 -
121084 620
Concn of 4-methoxyaniline (x 10-4 M)
2.5 T
i 2 s
Ô ^5 4I '(0*43E 0.5
Fig. 37b - Rate vs. Concn of 4-methoxyaniline
Reaction of 4-methoxyaniline with MP-8
-5.5 -4.5 -3.5 -2.5 -1.5
Log (Concn of 4-methoxyaniline)
-0.5
(/)
o
5
4
3 
2 1 
1 
0
Fig. 38 - Rate vs. Concn of 4-methoxyaniline
Reaction of 4-methoxyaniline with HRP
-5.5 -4.5 -3.5 -2.5 -1.5
Log (Concn of 4-methoxyaniline)
-0.5
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Fig. 39a - Rate vs. Concn of 2,4-dimethoxyaniline
Reaction of 2.4-dimethoxyahiline with MP-8
2.5
o
XV
2
122 40 6 8 10
C o n c n  o f  2 , 4 - d i m e t h o x y a h i i i n e  ( x  1 0 - 4  M )
2.5 T 
2
o 1.5I 'I 0.5
Fig. 39b - Rate vs. Concn of 2,4-dimethoxyaniline
Reaction of 2,4-dimethoxyaniline with MP-8
-5.5 -4.5 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  2 , 4 - d i m e t h o x y a n i l i n e )
-0.5
30
V 25w
^ 2 0O
2  15I,.(dSJE 5
Fig. 40 - Rate vs. Concn of 2,4-dimethoxyaniline
Reaction of 2,4-dimethoxyaniline with HRP
-5.5 -4.5 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  2 , 4 - d i m e t h o x y a n i l i n e )
-0.5
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Fig. 41 - Rate vs. Concn of ferrocyanide
Reaction of ferrocyanide with MP-8
3.5
T  2.5o
X0>
(05c
-0.5-1.5-2.5-3.5-4.5-5.5
L o g  ( C o n c n  o f  f e r r o c y a n i d e )
7
_  6 
5  5 
?  4a
i:
Fig. 42 - Rate vs. Concn of ferrocyanide
Reaction of ferrocyanide with HRP
-5.5 -4.5 -3.5 -2.6 -1.5
L o g  ( C o n c n  o f  f e r r o c y a n i d e )
-0.5
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Table 8 - Comparison of rate-limiting step for the peroxidasereaction of MP-8 obtained usina a range of substrates
S u b s t . R a n g e  o f  m e a n C o n c e n t r a t i o n r a n g e  o f  r e a c t a n t s :
s e c o n d - o r d e r
r a t e ,  lç2 S u b s t r a t e M P - 8 H 2O 2
( M - l s - 1 ) ( M ) ( X  1 0 - ? M ) ( X  1 0 - 4 m )
( a ) 6 7 0 0  -  7 9 5 0 0 . 1 - 1 0  X  1 0 - 3 4 1 . 0
( b ) 6 3 0 0  -  6 9 0 0 # 1 . 0  -  2 . 0  X  1 0 - 4 2 - 5 5 . 0
( c ) 7 6 0 0  -  8 5 0 0 0 . 5  -  5 0  X  1 0 - 4 4 1 . 0
( d ) 6 9 5 0  -  7 5 0 0 * 0 . 7  -  2 . 1  X  1 0 - 4 2  -  5 . 5 1 . 0(e) 5 5 5 0  -  8 5 2 5 0 . 1  -  1 0  X  1 0 - 3 2  -  5 . 5 1 . 0  —  8 . 0
( f ) 5 5 0 0 0 . 0 0 0 1 4 . 8 0 . 5 2(g) 4 0 0 0  -  4 9 0 0 0 . 1  -  1 . 0  X  1 0 - 3 5 - 1 1 0 . 3  -  0 . 5
( h ) 5 5 0 0  -  6 9 5 0 0 . 2  -  1 . 0  X  1 0 - 4 2 - 9 0 . 2  -  1 . 0
( i ) 5 5 0 0  -  6 0 0 0 0 . 1  -  0 . 5  X  1 0 - 4 3 1 . 1
( j ) 5 2 0 0  -  6 8 0 0 0 . 1  -  1 . 0  X  1 0 - 4 3 1 . 0
Substrates :a) Ferrocyanideb) 2,4,6~Tri^butylphenolc) Guaiacold) Diguaiacole) 4-Methoxyphenol
f) 2,4-Dimethoxyphenolg) 1-Naphtholh) 4-Methoxy-1-naphtholi) 4-Methoxyanilinej) 2,4-Dimethoxyaniline
The standard deviation in values of k2 is ± 1000 M“^s”"^Temperature; 2 5 °CPhosphate buffer (O.IM), pH 7.0, except for;* Phosphate buffer (O.IM), pH7.5; values adjusted to pH 7.0.# 50:50 Methanol/phosphate buffer (0.1 M), pH 7.0
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consistent (within experimental error) with those reported for 
A B T S 3 8  of 4 8 0 0  s"*^  and for g u a i a c o l 4 3  of 6775 allowing
for the different values of ^ Abs47q/[H2O2 ]consumed used.
The mean value of k2 for diguaiacol in the plateau region 
(Table A23) was 22500 M~^s“^ at pH 7.5; adjusting to pH 7.0 gives 
a k2 of 7075 M”^s”^ close to that for guaiacol.
The initial rate of reaction of 4-, 2,4-dimethoxyaniline and 4- 
methoxy-1-naphthol with MP-8 decreased with increasing substrate 
concentration (see profiles). Mean k2S at the lowest substrate 
concentrations were 5500, 6000 and 6200 M~ls“ ,^ respectively.
From a plot of reciprocal of initial rate, versus substrate 
concentration for the reaction of MP-8 with 4-methoxy-l-naphthol 
(see Fig. 35c) a value for the binding constant, K for MP-8 to 4- 
methoxy-l-naphthol of 2500 M~1 was calculated.
The mean k2 for 1-naphthol was 4500 M”^s” ,^ but the MP-8 is 
rapidly decomposed and it is estimated that the initial rate of 
reaction decreases by -20% by the time the rate can be measured.
4.2.3 Inhibition of product formation at high concentrations 
of substrate
The effects of a high concentration of 4-methoxyaniline upon 
the rates of the reaction of ferrocyanide and 2,4-dimethoxyaniline 
with MP-8 are summarised in Tables 9 and 10, respectively. Rates 
were much slower in the presence of the high concentration of 4- 
methoxyaniline, but eventually the total absorbance increase due 
to product formation was similar to that obtained for the much 
faster reaction in the absence of 4-methoxyaniline, ie extent of 
reaction was not substantially reduced.
Addition of higher concentrations (2:1 x 10“3 m ) of 4-methoxy- 
aniline shifted the position of maximum absorbance of MP-8 from
9 0
Table 9 - Inhibition of the peroxidase reaction of ferrocvanide and MP-8 with a high conc^ of 4-methoxvaniline
Conc^ of K4Fe(CN)6
(X 10-4 m )
Conc^ of 4 —MeOPhNH2
(X 10“3m )
Mean dAbs/dt* at 420/494# nm
(X 10-«s-l) Pn-1
dAbs/dt AAbs/CHgOz] at 420/494# nm 
(X 10-7MS-1)
———— 1.020 4.17 # 0.81 0.82 #
1.01 ———— 6.05 0.45 2.75
1.01 1.020 1.37 0.05 0.62
4-MeOPhNH2 : 4-Methoxyaniline* Adjusted for a Conc^ of MP-8 : 3.0 x 10~^MConcH of H2O2 ;AAbs per mole of H2O2 at 420 nm:AAbs per mole of H2O2 at 494 nm:Temperature:
1.03 X 10-4M 2200 M-lcm"l 5100 M-lcm-1 25°CPhosphate buffer (O.IM), pH 7.0
Table 10 - Inhibition of the peroxidase reaction of MP-8 and 2.4-dimethoxvaniline with 4-methoxyaniline
Conc^ of 
2 ,4-DiMeOPhNH2
(X 10"4 m )
Conc^ of 
4-MeOPhNH2
(X 10-3M)
Mean dAbs/dt* at 500/494# nm
(X 10-4s-l) On-1
dAbs/dt AAbs/[H2O2 ] at 500/494# nm 
(X 10-?Ms-l)
---- 0.998 3.14 # 0.49 0.62 #
0.92 — — — — 9.40 0.62 1.88
0.92 0.998 3.01 0.08 0.60
4-MeOPhNH2 : 4-Methoxyaniline2 ,4-DiMeOPhNH2 : 2 ,4-Dimethoxyaniline* Adjusted for a Conc^ of MP-8 : 3.0 x 10"?MConcH of H2O2 ' '• '''' '' ir»-4AAbs per mole of H2O2 at 500 nm A  Abs per mole of H2O2 at 494 nmTemperaturePhosphate buffer (0.1 M), pH 7.0
# V  JL V/ j/11.02 X 10”4m 5000 M-lcm-1 5100 M-lcm-1 25°C
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397 nm to 408 nm, see Table 11a, indicating binding of the 
substrate to the iron centre (NB 4-methoxyaniline itself has no 
absorbance in the Soret band region of MP-8 ). No such shift was 
observed upon addition of 4-methoxy-l-naphthol; see Table lib.
The effect of high concentrations of guaiacol on the rate of 
the reaction of 4-methoxy-l-naphthol with MP-8 and HRP are 
summarised in Tables 12a and 12b. With MP-8 a high guaiacol 
concentration significantly increased the rate of reaction such 
that the initial rate of reaction was equal to that observed at 
the lowest concentrations of 4-methoxy-l-naphthol, the rate- 
limiting value. The initial rate of reaction with that guaiacol 
concentration alone was much lower, well off the plateau region; 
a similar but less marked effect was noted with HRP.
The variation of initial rate and the extent of the reaction of 
4-methoxy-l-naphthol with MP-8 upon substrate concentration is 
given in Table 13 ; as substrate concentration was increased so 
the rate of reaction decreased, but the eventual extent of product 
formation was the same.
4.2.4 Decomposition of "tetraguaiacol" and decrease in rate of 
peroxidase reaction at high concentrations of guaiacol 
In reactions using guaiacol the absorbance at 470 nm was found 
to rise to a maximum value before falling; the fall becoming 
particularly significant at guaiacol concentrations above 0.01 M 
(see Fig. 43). Dark orange-brown particles of product settle out 
of reaction solutions containing high guaiacol concentrations on 
standing; see chapter 6 ,
The absorbance maxima were only 30-80% of the value predicted 
from AAbS47o/[H2O2 ] for guaiacol; this term is calculated using 
HRP as the catalyst such that oxidation is rapid so the subsequent
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Table lia - Effect of possible co-ordination of 4-inethoxvaniline to MP-8 upon position of the Soret band
Conc^ of 4 —MeoPhNHo (M)
Absorb. due to MP-8 at 397 nm Absorb, and Amax. of Soret band of MP-8 after addition of 4-MeOPhNH2
1.0 X 10-4 0.095 0.093 at 398 nm
1.01 X 10-3 0.093 0.096 at 408 nm
0.0101 0.095 0.368* at 407 nm
4-MeOPhNH2 : 4-methoxyaniline* General absorb, increase due to high concentration of added 4-methoxyaniline and methanol.Phosphate buffer (0.1 M), pH 7.0 €397 for MP-8 : 1.57 X 10^ M-lcm"!
Table 11b - Effect of possible co-ordination of 4-methoxv-l- naohthol to MP-8 upon position of the Soret band
Conc^ of 4-MeO-1-naphthol (M)
Absorb. due to MP-8 at 397 nm %max. of Soret band of MP-8 after addition of 4-MeO-1-naphthol
1.01 X 10-4 0.143 397
5.04 X 10-4 0.127 397 #
1.009 X 10-3 0.371 397 *
4-MeO-l-naphthol: 4-Methoxy-1-naphthol# Very strong absorb, below 370 nm due to 4-methoxy-l- naphthol* Solution gradually turned blue due to autoxidation of the 4-methoxy-l-naphtholPhosphate buffer (0.1 M), pH 7.0 6397 for MP-8 : 1.57 x 10^ M“^cm“l
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Table 12 - Effect of high guaiacol concentration upon rate of peroxidase reaction of 4-methoxv-1-naphthol a1 With MP-8
Conc^ of 4-methoxy- 1-naphthol 
(X 10-4m )
Conc^ of guaiacol
(M)
Mean initial dAbs/dt* at 620/470+ nm(X 10~3s-l)
dAbs/dt AAbs/[H202] at 620/470+ nm (X lO-^Ms-l)
0 0.0509 0.69 + 1.33 +
1.02 0 1.02 2.40
1.02 0.0509 2.08 4.89 #
ConcH of H2O2 ;* Adjusted for a Cone" of MP-8 ;AAbs per mole of H2O2 at 470 nm:AAbs per mole of H2O2 at 620 nm:Stnd Devn, Un-l for mean rate:Temperature;Phosphate buffer (0.1 M), pH 7.0 # Second-order rate constant, IC2 = 8000 M
1.02 X 10-4M 6.0 X 10-?M 5200 M-lcm-14250 M~lcm-1 <6%25OC
-Ig-l
b) With HRP
ConcR of 4-methoxy- l-naphthol (X 10“4m )
Cone# of guaiacol
(X 10-4m )
Absorbance at 620 nm after 2 minutes
Absorbance at 470 nm after 2 minutes
1.02 10.00 0.267 Minimal #
0.10 10.00 0.500 0.175 #
1.02 — — 0.224 0.054
ConcH of H2O2 : 0.39 X 10-4%ConcH of HRP; 0.253 jLtg/mlPhosphate buffer (0.1 M), pH 7.0 Temperature: 2 5OC# No oxidation of guaiacol occurred until all of the 4-methoxy-l-naphthol had been consumed.
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Table 13 - Variation of initial rate and extent of theperoxidase reaction of 4-methoxv-l-naohthol and MP-8 with substrate concentration
ConcH of -naphth.
(X 10-4%)
Mean initial dAbs/dt at 62 0 nm(X 10-4s-l)
Mean infinity absorbance at 620 nm
0.495 3.88 0.133
1.031 2.93 0.138
1.526 2.88 0.157
2 . 021 2.44 0.151
-naphth.: 4-Methoxy-l-naphtholConcH of H2O2 : 0.49 X 10-4%ConcH of %p-8 ; 3.4 x 10-?MAAbs per mole of H2O2 at 620 nm; 4250 M-^s-lTemperature: 25^0Phosphate buffer (0.1 M), pH 7.0
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Fig. 43 - Plot of absorbance versus time for the formation and
subsequent decomposition of "tetraguaiacol"
IgI
I■II
[Guaiacol]; 0 .05  M 
[HgOg]: 1 X 10-^M  
[MP-8]: 6 .4 x 1Q-7m
Fig 44 - Plot of absorbance at 470 nm versus time showing
decomposition of "tetraguaiacol" upon the addition 
of excess guaiacol
if
Cycle Ho. ABS
1 0.369
2 0.353
3 0.223
0. 180
5 0.156
6 0. 146
7 0. 137
â 0. 131
9 0. 127
10 0.125
1L 0. 124
12 0.123
13 0. 122
14 0. 120
30 sec Intervals
[Guaiacol]: 0.05 M [H2O2I: 1x10-4m 
[MP-8]: 6 .2 x 10-7m  
Cone" of excess guaiacol added: 0 .09095 M
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decomposition is insignificant. That MP-8 still remained while 
H2O2 had been consumed in such cases was shown by a resumption of 
absorbance increase at 470 nm upon addition of further H2O2 .
The fact that excess guaiacol was the cause of loss of 
absorbance at 470 nm was shown by a significant drop in absorbance 
at 470 nm upon the addition of a large excess of guaiacol to a 
"completed" reaction solution; see Fig. 44.
4.2.5 Initial lag in the peroxidase reaction of guaiacol
An initial lag in the rate of oxidation of guaiacol, of -5-15 
seconds before a steady dAbs/dt was reached, was observed with 
MP-8 at pH 7.0-7.5, giving a sigmoidal plot of absorbance versus 
time, suggestive of a consecutive first-order reaction.
The initial lag at pH 7.0 was <15 seconds but in acidic 
conditions (pH 1-3) lasted for up to five minutes since the 
peroxidase reaction with MP-8 is pH dependent (see chapter 3),
To maximise the lag but with MP-8 still present with His axially 
co-ordinated to iron^l the reaction was studied in phosphate 
buffer (0.1 M), pH 5.7, where the initial lag was -30 seconds.
4.2.6 Preparation of diguaiacol
Diguaiacol was prepared by the method of Booth and Saunders^l®. 
An infrared spectrum (KBr disc) of the dicarboxylic acid confirmed 
the presence of carboxylic acid groups.
The 360 MHz ^H NMR spectrum (Fig. 50), in deuterochloroform, of 
the final product (see Fig 49) showed the absence of any of the 
di-acid. As the groups on the aromatic rings have opposite 
influences on the aromatic protons, effectively cancelling each 
other out, the aromatic protons all have very similar chemical
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shifts. The splitting of these aromatic protons was not 
sufficient to distinguish between the two possible isomers of 
diguaiacol (see Fig. 49) but it is believedüS to be the o-o 
isomer. The aromatic protons had a mean chemical shift of 56.95 
ppm, the hydroxy protons were at 56.10 ppm and the methoxy protons 
were further up-field at a mean chemical shift of 53.95 ppm. The 
integral ratio of these protons was 6 :2:6 as predicted.
Diguaiacol is colourless; its UV spectrum had two absorbance 
peaks: a large one at 220 nm and a much smaller one at 303 nm
(the latter was more useful for observing any formation of 
diguaiacol in the initial stages of reaction of guaiacol),
4.2.7 Peroxidase reaction of diguaiacol
The UV spectra of the oxidation products of guaiacol and 
diguaiacol are shown in Fig. 19; orange-brown "tetraguaiacol" has 
two broad overlapping absorbance peaks at 420 nm and 470 nm whilst 
the orange-pink oxidation product of diguaiacol appears to be a 
simpler product with a single broad absorbance band with maximum 
absorbance at 470 nm. Decomposition of the diguaiacol oxidation 
product was accelerated by the addition of excess guaiacol. The 
stoichiometry of the reaction of diguaiacol with H2O2 was deter­
mined by measuring the extent of product formation at 470 nm for 
the reaction of H2O2 and MP-8 with varied concentrations of 
diguaiacol in phosphate buffer (0.1 M), pH 7.5; see 2.7 for 
method. The stoichiometry of the reaction of diguaiacol with 
H2O2 was found to be 1:1 as for the reaction with guaiacol; see 
Table 14 and Fig. 45. ^Abs/[H2O2 ]consumed the oxidation
product of diguaiacol at 470 nm was calculated at 7350 M“^cm” .^
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Table 14 - Determination of the stoichiometry of the peroxidase reaction of diguaiacol and hvdroaen peroxide
Conc^ of diguaiacol
(X 1Q-4M) Maximum absorbance at 470 nm
0.50 0.4620.99 0.6491.49 0.681
Conc^ of H2O2 : ConcH of MP-8 ; 
Z^Abs47o per mole of H2O2 : Temperature:
0.935 X 1Q-4M 5.9 X 10-?M 7350 M-lcm-1 25°CPhosphate buffer (0.1 M), pH 7.5
Fig. 45 - Maximum absortsance vs. Concn of diguaiacoi
Stoichiometry of the peroxidase reaction of diguaiacol with H202
Maximum absorbance at 470 nm
0.6
0.4
0.2
Phosphate buffer (0,1 M), pH 7.5 
Temperature: 25 C
0.0 0.0 0.5 1.0 1.5
Concn of diguaiacoi (x 1Q-4M) 
(H202]; 0 .94 x 10-4M  [MP-8]: 5.9 x 10-7M
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4,3 Discussion
4.3,1 Preliminary investigation of a range of substrates 
for the peroxidase reaction
The oxidation products of most substrates are dimers (often q ~Q. 
and p-p mixtures), dimeric quinones or mixtures of dimers and 
polymeric material. For some substrates the products are known 
to be relatively simple, such as ferrocyanide, oxidised to 
ferricyanide, 2 ,4 ,6-tri'^butylphenol48 and ABTS (Fig. 46) which 
give phenoxy radical cations and 4-methoxy-l-naphthol which is 
oxidised to a dimeric quinone; see Fig. 57 chapter 6 .
The wavelength quoted to monitor product formation in Table 7 
is a compromise value for each substrate, chosen to minimise 
interfering absorbance from substrate itself and MP-8/HRP, whilst 
giving a reasonable molar absorbance coefficient.
Product instability was particularly inconvenient for the 
commonly used substrates guaiacol and 2 ,4, 6-tri'^butylphenol. 
Although the blue phenoxy radical cation of the latter is 
reportedly48 stable for several hours in deoxygenated solutions 
the product absorbance decreased after several minutes, most 
pronounced in the range 500-700 nm; this was attributed to traces 
of oxygen in the reaction solution, though in this work little 
improvement was noted following deoxygenation of solutions.
A shift in the Soret band of MP-8 at 397 nm to 408 nm with a 
decrease in intensity upon addition of H2O2 to solutions of MP-8 
and 1-naphthol is believed to result from inactivated form of 
MP-8 ; see chapters 3 and 5.
The susceptibility of 4-methoxy-l-naphthol towards autoxidation 
(2 .4.le) and the necessity to add substrate immediately before 
starting the peroxidase reaction is a disadvantage, but it is
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Fig. 46 - Structure of ABTS and its oxidation product 
ABTS - 2,2'-Azino-di-(3-ethylbenzthiazoline-6-sulphonic acid)
+NH4~02S
N
C2H5
SOg-NH^'
ABTS (I)
+ e - e
NH^^OgS
' 1
C2H5
SO3-NH4
Radical cation (II)
2 X (II)
( I )  +
+NH^^OgS
) ^ N — N = ^
+ N
SO3 NH^'
Azodication (III)
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oxidised to a single product, a g u i n o n e 5 0 , 1 1 9 .  m  some kinetic 
runs a slight initial lag in the rate of oxidation was observed, 
similar to that seen with guaiacol, attributed to the formation of 
the dimer prior to the quinone.
4-Methoxyaniline was susceptible to slight autoxidation in the 1
absence of any peroxidase enzyme (-0.002 per minute). The absor- j
bance maximum of the oxidation product shifted from 456 nm to 494 |
nm during the first five minutes of reaction.
From these investigations of those substrates studied the most 
suitable are 4- and 2,4-dimethoxyaniline which give stable prod­
ucts free from any other absorbances. Ferrocyanide, 4-methoxy- 
phenol and 4-methoxy-l-naphthol are reasonable but the former two 
suffer from absorbance interference from starting material and/or 
MP-8 at the product-monitoring wavelengths. 4-methoxy-l-naphthol 
would be an ideal substrate because of the stability and single­
component nature of the product, but for its susceptibility 
towards autoxidation. Guaiacol and diguaiacol are less suitable 
because of the decomposition of the resulting oxidation products.
4.3.2 Dependence of rate of peroxidase reaction of MP-8 on 
substrate concentration 
Our results show that the equation Rate = k2 [H2O2 ][MP-8 ] holds 
true for guaiacol, diguaiacol, 4-methoxyphenol and 4-methoxy-l- 
naphthol. Having shown that the rate depends linearly upon 
concentrations of MP-8 and H2O2 for a number of different 
substrates it is reasonable to assume that this is the case for 
the other substrates studied.
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with MP-8 , there exists a substrate concentration range of 
"typical” peroxidase behaviour (formation of Compound I rate- 
limiting and substrate-independent) for most substrates, but 
outside this range a more complex mechanism is clearly operative 
which begs comparison with the behaviour of HRP.
Previously only isolated reports of anomalous behaviour of rate 
for HRP/MP-8 with substrate concentration have been given. These 
include that for guaiacol with HRP, by Mann^l^, for guaiacol with 
MP-8 , by Marquesas and over limited ranges for ABTS with HRP, by 
Childs and B a r d s l e y ^ ^ O  and with MP-8 , by Adams^S, Our work 
provides the first systematic study of the variation of initial 
rate with substrate concentration for a range of substrates.
The rate versus substrate concentration profiles (Figs. 28-42) 
can be broadly classified into two types defined as A and B, which 
are illustrated in Fig. 47.
Of these type A is the normal or expected profile based on the 
typical peroxidase mechanism as observed with HRP + ABTS^^O^ HRP/ 
MP-8 + ferrocyanide and HRP + 4-methoxy-l-naphthol, whilst type B, 
exhibited by the other substrate/catalyst combinations, can be 
considered abnormal and requires explanation.
A semi-quantitative approach can be used to account for the 
shape of the initial rate versus substrate concentration profiles 
by proposing the following scheme and considering the kinetics:
k2 k'[S] k"[S]H + M  j ► I ----- ► II ------- ► M - scheme (a)
H20 st s+
in which H, M, I and II represent H2O2 , the catalyst and its 
oxidised intermediates respectively, and S, st and P are substrate.
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Fig. 47a - Rate vs. substrate Concn profile
T Y P E  A
-5.5 -4.5 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  s u b s t r a t e )
-0.5
Fig. 47b - Rate vs. substrate Concn profile 
I T Y P E  B
-5.5 -4.5 -3.5 -2.5 -1.5
L o g  ( C o n c n  o f  s u b s t r a t e )
-0.5
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a substrate radical cation and oxidation product, respectively;
the rate constants for the three steps are kg, k* and k".
Rate of loss of HgOg is given by: -drHI = kg[H][M] - (1)dt
If it is assumed that k*[S] and k"[S] are fast (is kg is the
rate-limiting step), then: dfPI = -x.dfHI - (2)dt dt 1where x is the stoichiometry (ie if 2 H*s — ► 1 P then x = 2)
Thus rate of formation of P can be expressed as:
dfPI = kg[H][M] as observed experimentally - (3)dt
However, if k*[S] and k"[S] become slow (at very low substrate 
concentrations) there is the possibility of these steps becoming 
rate-limiting and in such circumstances d[P]/dt will increase with 
increasing substrate concentration.
The effect of substrate-inhibition on the rate of reaction with
MP-8 will now be considered as modifying scheme (a) by incorporat-Jing an equilibrium between HRP/MP-8 and substrate to form a
complex MS with an equilibrium constant K:
kg[H] k[S]M ----------- ► I ----------- ► P - scheme (b)slow fastKj [^S]
MS
d[p]/dt = d[l]/dt = kg[H][M]t.F where F is the fraction of 
free MP-8 , given by: F = TMl  ____[M] + [MS]
If K is defined as K = FMIrsi. then F =  K_[MS] K + [S]
\
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so, Vq = k2 [H]o[M]o  K.K + [S]
Then at [S] «  K, V q = kgCHjoCMJo/
but at [S] »  K, Vq = k2 [H]o[M]o and so is slower.[S]
This is type B behaviour.
Observed rate versus substrate concentration profiles are now 
discussed for each of the three catalysts studied:
a) HRP
kg for formation of HRP Compound I is -10? s”^ 29b,3 5 , 121,
122 whilst k for reaction of Compound I with substrate to give 
Compound II ranges from 3  x 1 0 ^  M-lg-1 for g u a i a c o l ^ 2 3  up to 6 x 
1 0 ^  for 4- m e t h o x y p h e n o l ^ 2 3  and - l O ^  M“^s“^ for 4-ethoxy-
a n i l i n e 4 7 .  The latter is faster than the rate of reaction of 
Compound II with s u b s t r a t e ^ 2 3  ^ which varies with substrate; eg 7 
X 1q4 for aniline, 3 x 10^ M”^s“  ^ for resorcinol and 8 x
1q7 for 4- h y d r o x y d i p h e n y l l 08 , A t  very low substrate
concentrations the reaction of Compound I with substrate becomes 
the rate-limiting step of the peroxidase reaction.
Type A behaviour was observed for 4-methoxy-l-naphthol, where 
the rate-limiting value kg was 5 x 10® M“^s~^ and for ferro­
cyanide. However, values of kg for ferrocyanide on the plateau 
region were considerably lower at 7.5 - 8.2 x 10^ s”1; this
is attributed to the pH-dependent n a t u r e ^ 2 4  of the reaction of 
ferrocyanide with Compound II.
The other substrates exhibited "bell-shaped". Type B behaviour; 
for most substrates the drops in initial rate are due to competi­
tive inhibition by substrate (see 4.3.3). A similar drop in the 
rate of the peroxidase reaction of 4-hydroxytoluene and 4-phenol- 
sulphonic acid with chloroperoxidase has been noted^25. The 
nature and mechanism of such proposed inhibition reactions is not
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yet known. The drop in the rate of the reaction with guaiacol at 
high concentrations is primarily due to decomposition of the 
oxidation product; see 4.3.4.
b) MP-8
The profile for guaiacol with MP-8 shows a "plateau" region in 
which the rate of the peroxidase reaction is essentially indepen­
dent of guaiacol concentration conforming to a Type B profile, 
kg in the plateau region at 25°C and at pH 7.0, was 8000 ± 500 M"*^  
s”  ^ (see Table A19), consistent with the value of ça. 6750 M“^s"^ 
43(calculated using the lower AAbs/EHgOgJconsumed value). Above 
0.01 M guaiacol the rate decreased dramatically; such a decrease 
was first observed by Mann^3.3 with HRP but was little mentioned 
since, until our work and that of Baldwin st al43 with MP-8 . 
Similar profiles were obtained for guaiacol using HRP, AcMP-8 and 
Mb in place of MP-8 , showing this phenomenon to be a common 
feature of the reaction with guaiacol. A similar drop was 
observed in the reaction of diguaiacol with MP-8 but the drop 
from the plateau region occurred at a diguaiacol concentration 
nearly 50-times lower than that with guaiacol. The oxidation 
product of diguaiacol may be more susceptible to decomposition by 
excess diguaiacol than is "tetraguaiacol" by excess guaiacol.
kg for MP-8 is much lower (-6000 M“ls~^) than that for HRP 
(-10? M“^s”l) and the fact that (unlike HRP) the first step 
appears to be rate-limiting even at the lowest concentrations of 
4-methoxy-l-naphthol, 4-methoxyaniline and 2,4-dimethoxyaniline 
(generally 10"5-10~4 M) suggests second-order k's for the reaction 
of MP-8 Compound I with substrate of the order of 104 or greater.
As concentrations of these substrates are increased rates of 
reaction drop off and so these profiles can be considered as Type 
B, the latter half of the "bell-shaped" curves obtained with HRP.
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The gradual increase in rate across the whole substrate concen­
tration range with 4-methoxyphenol with kg appearing to exceed the 
accepted value with MP-8 is not considered significant, but rather 
a deviation from Type B behaviour due to experimental errors 
arising from interference from substrate absorbance at 315 nm.
The rate with ferrocyanide was essentially independent of 
substrate concentration, conforming to profile Type A and was at 
the accepted rate-limiting value for kg from the lowest concentra­
tion, in contrast to the HRP profile,
c) Myoglobin
The rate of the peroxidase reaction with Mb is 20 - 40 times 
slower than that using MP-8 . The rate profile of guaiacol with 
Mb was similar to that obtained using HRP, Type B without a 
plateau, rather than that with MP-8 . At first the rate increased 
gradually with increasing guaiacol concentration but then doubled 
at a guaiacol concentration of 0.05 M, before dropping substanti­
ally at higher concentrations as in the case with MP-8 and HRP. 
This was somewhat unexpected since the rapid reaction of guaiacol 
with intermediate, once formed by the slow initial step, should be 
independent of guaiacol concentration at the low concentrations.
Mean values of kg obtained in the substrate-independent region 
were 7000 + 1500 M“^s”^ for most substrates, showing that kg is 
effectively independent of the nature of the substrate.
4.3.3 Inhibition of product formation at high concentrations 
of substrate
The observed drop in rate of reaction at high concentrations of 
substrates such as 4-methoxy-l-naphthol, and 4-methoxyaniline is 
not due to decomposition of product, as for guaiacol, since the
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oxidation products of the former are relatively stable,
A drop in rate of reaction at higher substrate concentrations 
observed by Adams^S with the substrate ABTS (Fig. 46) was attrib­
uted to the competitive formation of a MP-8 .ABTS adduct; it is 
likely that something similar occurs with the other substrates.
The shift in the position of the Soret band of MP-8 from 397 to 
408 nm upon the addition of high (1 x 10~3M) concentrations of 4- 
methoxyaniline indicates co-ordination to the iron of MP-8 . The 
co-ordination of anilines to MP-8 has been investigated by 
Byfield^o who showed that such a shift in the Soret band was 
observed because of the electron-donating -NHg group. Although 
alcohols are capable of co-ordinating to MP-8 the -OH group does 
not cause a shift in wavelength of the Soret band; co-ordination 
of 4-methoxy-l-naphthol to MP-8 is thus still possible despite no 
detectable UV changes. In contrast ferrocyanide is not believed 
to bind to MP-8 ; in the case of HRP no detectable binding of 
ferrocyanide to HRP Compound II has been found^Z®. As a result 
the rate profile for ferrocyanide with MP-8 is concentration- 
independent .
The result with 4-methoxy-l-naphthol suggests that such adducts 
reduce the rate of reaction but do not block it completely. Once 
a MP-8 .substrate adduct is formed the active site of MP-8 is less 
accessible by HgOg thus reducing the rate of reaction. With HRP 
much higher substrate concentrations are required for adduct 
formation to become significant and reduce the observed rate of 
reaction.
In these experiments the value of kg for the rate of reaction 
of ferrocyanide with MP-8 is consistent with the accepted rate- 
limiting value. The rate of reaction of the high concentration
109
of 4-methoxyaniline is well below the maximum but this high 4- 
methoxyaniline concentration also reduces the rate of reaction of 
ferrocyanide to a similar low value. Thus, high concentrations 
of the one substrate substantially reduce the rate of oxidation of 
the other. Similar behaviour was observed with high concentra­
tions of 4-methoxyaniline upon the rate of reaction of 2,4-di­
methoxyaniline.
At concentrations of 4-methoxy-l-naphthol from 0.5 to 2.0 x 
10”4m the same rise in absorbance due to product was eventually 
reached, ie all of the MP-8 intermediate eventually leads to 
product but at a decreased rate; this rules out consumption of 
the active intermediate of MP-8 in some competing reaction.
In contrast high guaiacol concentrations almost doubled the 
rate of oxidation of 4-methoxy-l-naphthol by MP-8 . Values of kg 
for both substrates alone were below the rate-limiting value, yet 
in the presence of this guaiacol concentration kg for the oxida­
tion of 4-methoxy-l-naphthol approached the rate-limiting value.
In a competitive reaction between guaiacol and 4-methoxy-l- 
naphthol with MP-8 (chapter 5) only the oxidation product of 4- 
methoxy-1-naphthol is formed. It appears that guaiacol catalyses 
the oxidation of other substrates in preference to undergoing 
oxidation itself. It is proposed that guaiacol reacts with MP-8 
Compound I to give guaiacol radicals which then react with 4- 
methoxy-1-naphthol molecules.
4.3.4 Decomposition of "tetraguaiacol" and decrease in rate of 
peroxidase reaction at high concentrations of guaiacol 
The results show that high concentrations of guaiacol do not 
cause appreciable inhibition of the reaction of guaiacol with 
MP-8 . Reactions progressed to completion in HgOg but because of
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product decomposition it appeared that the extent of reaction was 
much lower; if competitive inhibition occurred the same predicted 
absorbance increase at 470 nm would have been reached eventually.
Different species in the product mixture have different UV 
absorbances so there can be no true molar absorbance coefficient 
for the oxidation product of guaiacol; the intensity of absorb­
ance at 470 nm depends upon the composition at a given time. At 
high guaiacol concentrations product decomposition is marked, 
resulting in large experimental errors when using the rate of 
product formation to measure rate of reaction.
Our results confirm work by S a n t i m o n e ^ 2 7 . with guaiacol conc­
entrations in the plateau region, little decrease in absorbance 
due to product decomposition occurs in the first 10-20 minutes of 
reaction, so rates of moderately fast reactions measured using the 
pseudo zero-order method are unaffected by decomposition. How­
ever, for slower reactions and particularly at high guaiacol conc­
entrations substantial product decomposition leads to rates of 
reaction appearing slower. The importance and effect of guaiacol 
concentration upon peroxidase activity has not always been 
a p p r e c i a t e d ^ S b .  assay work or measurements of kg should be 
carried out using guaiacol concentrations within the plateau 
region, yet the concentration recommended^!® for the assay of HRP 
fca. 0.1 M) is in the region where rate of reaction is below the 
maximum and varies significantly with substrate concentration.
The oxidation product of guaiacol can be considered as an 
intermediate of two consecutive first-order reactions!28, The 
example plots for such reactions in Fig. 48 show that in the 
limiting case with excess substrate the extent of intermediate 
formation is substantially reduced.
I l l
4.3.5 Initial lag in the peroxidase reaction of guaiacol
An initial lag in the oxidation of guaiacol with MP-8 suggests 
formation of an intermediate without an absorbance at 470 nm.
A dimer of guaiacol, 2,2*-dihydroxy-3,3 *-dimethoxydiphenyl, 
("diguaiacol") , isolated from the oxidation product of guaiacolü^ 
which does not absorb >340 nm could account for the initial lag. 
This proposal is supported by work on the oxidation of tyrosine 
with m i c r o p e r o x i d a s e ! 2 5 . formation of a dimer of tyrosine was 
observed at 316 nm and then after several minutes a smaller broad 
absorbance band was observed around 500 nm!2®.
4.3.6 Preparation of diguaiacol
Diguaiacol was successfully prepared to study as a substrate 
for the peroxidase reaction in its own right and to determine its 
potential as a proposed intermediate of "tetraguaiacol" formation.
4.3.7 Peroxidase reaction of diguaiacol with MP-8
The UV spectrum of the oxidation product of diguaiacol has a 
single broad absorbance band with A^ax “ 470 nm whilst that of 
guaiacol has two overlapping bands. If diguaiacol is formed 
during oxidation of guaiacol then the radical process would lead 
to a mixture of ç-ç, p-p or p-p isomers resulting in a complex 
oxidation product, whilst oxidation of chemically prepared p-p 
diguaiacol results in a simpler product.
The stoichiometry of the reaction of diguaiacol with HgOg (1:1) 
is consistent with either two molecules of diguaiacol reacting 
with two molecules of HgOg to form a tetramer ("tetraguaiacol"), 
or one molecule of diguaiacol being oxidised by one molecule of 
HgOg to give a quinone.
112
The proposed reaction with diguaiacol as an intermediate can be 
considered as two consecutive reactions of the type A — ► B — ► C 
(see Fig. 48), with rate constants and ky as dealt with by 
Fershtl2B, where C absorbs at 470 nm but B does not and k^ ~ky = 
k2 [H202] (both steps are MP-8 catalysed oxidations of a substrate, 
A; a process independent of the nature and concentration of 
substrate in the range involved here). Under such circumstances 
if k2 is 5000 M“^ s"^ at pH 7.0 and the concentration of H2O2 is 
0.5 - 1.0 X 10*4# then a lag in C of several seconds would be 
predicted.
Fig. 48 - Consecutive first-order reactions
Plots of absorbance vs time
1II
0
0
T i m e  ( s )
1 1 3
4-4 Conclusions
The mean value of the second-order rate constant, kg was 7000 
+1500 for most substrates, at 25°C, pH 7.0 on the "plateau"
region of rate versus substrate concentration and the initial 
reaction of HgOg with MP-8 to form MP-8 Compound I is the rate- 
limiting step of the peroxidase reaction. However, for most 
substrates this only holds true over a limited substrate concentr­
ation range. One reason for this is competitive inhibition by 
substrate for MP-8/HRP at higher substrate concentrations. With 
HRP the rate of formation of Compound I is much faster than with 
MP-8, so at low substrate concentrations reaction of Compound I 
with substrate can be rate-limiting, so the rate of reaction 
increases with substrate concentration.
Rate versus substrate concentration profiles for a range of 
substrates have shown significant variation in rate with substrate 
concentration and marked differences were found between profiles 
for MP-8 and HRP, generally a result of the much faster rate of 
/ formation of HRP Compound I compared to MP-8 Compound I .
In most cases the drop in rates of reaction at higher substrate 
concentrations results from enzyme-substrate adducts, causing 
competitive inhibition of product formation. However, with 
guaiacol the fall from the plateau arises predominantly due to 
product decomposition, accelerated by high guaiacol concentrations 
(>0.005 M). Thus guaiacol does not meet some of the basic 
criteria for an ideal substrate and is quite anomalous in many 
ways; it should not be considered the "standard" substrate and 
careful consideration of proposed reaction conditions should be 
made before using guaiacol.
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Of the range of substrates studied the most generally suitable 
for studying the peroxidase reaction were 4- and 2,4-dimethoxy- 
aniline, 4-methoxy-l-naphthol and 4-methoxyphenol.
"Diguaiacol" is oxidised by MP-8/HRP to give an oxidation 
product comparable to "tetraguaiacol"; formation of diguaiacol as 
an intermediate in the oxidation of guaiacol is suggested.
4.5 Experimental
Kinetic analyses conditions as detailed in chapter 2 were used.
4.5.1 Preparation of diguaiacol
Diguaiacol was prepared from "dehydrodivanillin" according to 
the method of Booth and Saunders^^® (with minor modifications); 
the reaction scheme is outlined in Fig. 49.
4.5.2 Preparation of "dehydrodivanillin"
Method of Tiemann^^S. Vanillin (10.Og) was dissolved in one 
litre of a 1% aqueous solution of FeClg.SHgO (AR) (with warming to 
<40°C) giving a dark blue/black solution which was refluxed for 30 
minutes giving a grey solution with solid iron salts. After 
cooling dilute NaOH was added to dissolve the product as the 
phenoxide sodium salt and to precipitate out the iron(III) salts 
as ferric hydroxide; the dark brown precipitate was filtered off 
under gravity giving a pale yellow filtrate.
This filtrate was cooled in an ice-bath and acidified by the 
slow dropwise addition of dilute hydrochloric acid to the stirred 
solution. The fine white precipitated solid was filtered under 
gravity over several days. Recrystallisation from a 3:1 mixture 
of DMSO-water gave fine white crystalline needles which were 
filtered off and rinsed with acetone; mp 300-303°C ( T i e m a n n ^ 2 9  
gave mp 303-304°C). Yield: 3,07g, 31%.
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Fig. 49 - Reaction scheme for the preparation of Diguaiacol
CH3O
OH
CHO
Vanillin
CHoO OH CHO
ACgO / AcO'
CHoO OAc COgH KMnO.
HOgC AcO OCH3
CH3O OAc CHO
OHC AcO OCH.,
aq. NaOH
CHoO OH COgH CH3O OH
300*C
HOgC HO OCH3 HO OCH3 
"Diguaiacol"
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4.5.3 Preparation of 2,2*-diacetoxy-5,5*-diformyl-3,3*- 
dimethoxydiphenyl
"Dehydrodivanillin" (3.82g) was heated under reflux with anhy­
drous sodium acetate (l.OOg) and acetic anhydride (25 ml) for 30 
minutes; a slight excess of acetic anhydride was used in order to 
dissolve the flocculent "dehydrodivanillin". After cooling the 
light orange coloured solution was slowly added, dropwise, to -500 
ml of stirred ice-water over -20 minutes, such that the solid 
which separated out did not coagulate together.
The product was stirred overnight in water to break up any 
lumps into fine powder. After settling most of the water was 
decanted and the product collected by vacuum filtration, continu­
ally washed with water, then dried at the pump. Recrystallisa­
tion from methanol gave a pale yellow crystalline solid, mp 112- 
II3OC (Elbs and Lerch^^O gave mp 117°C). Yield: 2.64g, 54%.
4.5.4 Preparation of 2,2'-diacetoxy-3,3'-dimethoxydiphenyl- 
5,5'-dicarboxylic acid
KMn04 (2.64g) in acetone (AR, 80,0 ml) was added to the 
diacetyl-dialdehyde (2.64g), above, in acetone (AR, 8 ml). The 
mixture was stirred at room temperature for one hour and the dark 
brown-red precipitate filtered off. This was added to dilute 
H2SO4 (-100 ml) and sodium metabisulphite (-3g) was added (-2 x 
number of moles of Mn present) to form NaHSOg which removed Mn0 2 . 
Effervescence occurred and a grey solution, which turned white 
resulted; the white solid was filtered, washed with water, dried 
and then recrystallised from absolute ethanol. It did not melt 
below 300°C, but a colour change, to pale yellow, occurred at 
270°C. (Booth and Saunders^^^ gave mp 277-278°C). Yield:
1.73g, 60%.
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4.5.5 Preparation of 2,2 »-dihydroxy-3,3 *-dimethoxydipheny1- 
5 ,5 '-dicarboxylic acid
The above product (1.73g) was refluxed with 10% aqueous NaOH 
solution (-25 ml) for one hour, cooled and then acidified with 
glacial acetic acid. The white solid was filtered off, washed 
with hot ethanol and dried. The product was boiled in -75 ml of 
glacial acetic acid but little dissolved; it was filtered off 
hot, washed with water and left to dry. Further product which 
recrystallised from the filtrate was also collected and washed,
Mp of white solid was 295-300®C (decomp^); (Booth and Saunders^^® 
gave mp 277-278®C (decomp^)). Yield: 1.06g, 76%.
4.5.6 Preparation of 2,2'-dihydroxy-3,3'-dimethoxydiphenyl
The dicarboxylic acid (1.06g) above was placed in a Pyrex
petri-dish with lid and heated on a hot plate until it began to 
decompose at around 300°C. Charring and evolution of carbon 
dioxide occurred; heating at this temperature was continued for 
half an hour. The brown-black solid mixture was extracted with 
warm dilute NaOH solution and the brown solution then filtered. 
After acidifying with concentrated hydrochloric acid the organic 
mixture was extracted with ether (3 x 25 ml). The combined pale 
yellow ethereal extract was washed with three portions of aqueous 
NaHCOg solution (1.5 M) ; the aqueous layer turned dark brown.
The ethereal layer was then washed with two portions of distilled 
water and dried over anhydrous sodium sulphate.
The ether was filtered off and slowly evaporated to leave a 
white solid at the bottom of the flask. This was recrystallised 
from cyclohexane; mp 141°C (Booth and SaundersilS gave mp 142.5 - 
143^0). Yield: -10 mg, 5%.
Infrared, 360 MHz proton NMR and UV spectra of this compound 
were obtained and are shown in Fig. 50.
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Fig. 50 - 360 MHz NMR spectrum of diguaiacol
Solvent: CDCI3
5.5 2.5
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CHAPTER 5
RELATIVE CATALYTIC EFFICIENCY OF MP-8
5.1 Introduction
Most studies on peroxidase activity have focused on the initial 
interaction of HRP with H2O2 to give Compound I. Few systematic 
studies to compare the relative reactivity of different substrates 
towards Compound I and their ability to prevent its decomposition 
have been undertaken31'47,48, No such studies have been 
previously carried out using MP-8 ; little is known about the 
subsequent reactions of MP-8 Compound I.
Bleaching of MP-8 during the peroxidase reaction results in a 
gradual loss of peroxidase activity. A measure of the extent to 
which MP-8 undergoes reaction with a substrate as opposed to being 
bleached is given by the ;term "Relative Catalytic Efficiency", or 
RCE. The RCE for MP-8 is defined as the "concentration of H2O2 
consumed divided by the concentration of MP-8 deactivated."
In earlier chapters it has been argued that the peroxidase 
reaction of MP-8 proceeds via an analogous cycle to that of HRP 
and the following general scheme, 1 can therefore be proposed:
Scheme 1
/ ^  ^  Vs/ (via Cmpd 0) N
4+ S 3+-► II (Fe )  ►  M (Fe ) + S'H^OM (Fe ) -- 2 2 ^  j (Fe ■ )
(slow)
S'
Decomposition
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Where M, I, II, S, S* and P are MP-8 , the assumed MP-8 Compound 
I analogue, a subsequent intermediate of MP-8 assumed analogous to 
HRP Compound II, an organic substrate and its free radical and the 
oxidation product of the substrate, resulting from radical inter­
actions, respectively, with rate constants k2 , kp and kpi. As 
argued in chapters 3 and 4 the initial formation of MP-8 Compound 
I is the rate-limiting step with a second-order rate constant,
%2 '
Differences in reactivity of different substrates towards MP-8 
Compound I can not be obtained directly by measuring the rate of 
substrate oxidation; formation of MP-8 Compound I is rate-limit­
ing and so the measured rate of reaction is independent of the 
nature of the substrate (chapter 4). In addition this MP-8 
intermediate is not stable enough to permit independent determina­
tion of its reactivity towards substrates as was the case for HRP 
Compound I^S.
In this chapter the competition between substrate-induced 
regeneration of MP-8 and MP-8 destruction will be quantified and 
interpreted in mechanistic terms.
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5■2 Results
5.2.1 Bleaching of MP-8 by hydrogen peroxide
A rapid decrease in absorbance at 397 nm followed addition of 
H2O2 to MP-8 in the absence of organic substrate; the results for 
a [H2O2 ] of 1 X 10“5m are given in Table 15. From a Guggenheim 
plot the pseudo first-order constant of 0.083 s”^ for the loss of 
MP-8 was obtained.
5.2.2 RCE of MP-8 with various substrates
When monitored at a wavelength appropriate to the particular 
substrate present (see Table 7) under certain circumstances 
reactions were found to cease well before all the H2O2 (or 
substrate) was consumed, as judged by the change in absorbance.
In such cases addition of more H2O2 (or substrate) caused no 
further reaction, but addition of more MP-8 caused the reaction to 
recommence; addition of sufficient MP-8 caused AAbs to approach 
the theoretical value based on the concentration of H2O2 present. 
Clearly under certain conditions MP-8 is being deactivated. The 
term RCE is defined as the concentration of H2O2 consumed divided 
by concentration of MP-8 deactivated; in all cases RCE was deter­
mined for reactions where all the MP-8 was deactivated before 
complete consumption of H2O2 (or substrate) and so in this case 
RCE « [H2O2 ]consumed/[MP-8 ]g - The RCE is in effect, the average 
number of cycles undergone by one molecule of catalyst before 
deactivation.
The values of the RCE of MP-8 obtained for a range of different 
substrates and at a range of substrate concentrations are given in 
Table 16. In some cases different H2O2 or MP-8 concentrations 
were required at each different concentration of a substrate, in 
order that reactions stopped due to loss of MP-8 .
122
Table 15 - Guggenheim treatment of initial rate of loss of MP-8 in the absence of an organic substrate
Time, t 
(s)
Absorb. at 397 nm at time, t
Absorb. at 397 nm at time, t+T
In(Abst“Abst+T)
0 0.092 0.052 -3.222 0.085 0.052 -3.414 0.078 0.051 -3.616 0.073 0.050 -3.778 0.069 0.050 -3.9610 0.066 0.048 -4.02
r = 24 s Initial absorb, at 397 nm: 0.137[MP-8 ]; 8.8 X 10-?M[H2O2 ]; 1.02 X lO-SMPhosphate buffer (0.1 M), pH 7.0Temperature: 2 5°CLeast-squares fit to first five points of a plot of ln(Abst“Abst+r) versus time: Intercept: -3.25^obs* —0.083 s ^Correl. coeff.; 0.992Second-order rate constant, k2 = 8125 M“^s“^ (Gradient of slope/[H2O2 ])
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Table 16 - Relative Catalytic Efficiency fRCE) of MP-8 with different substrates
Substrate ConcH of MP-8 (X 10-?M)
ConcH of
H2O2 .(X 10-4M)
Cone# of substrate(X 10-4M)
RCE Of MP-8
Ferrocyanide 0.6 0.9 1.1 840[Fe(CN)g]4- 0.6 1.8 5.35 12501.0 1.9 10.7 1275
Phenol 2.25 0.65 1.0 903.8 1.9 10.2 150
Guaiacol 1.4 1.0 1.0 285(2-Methoxyphenol) 1.3 5.0 5.0 2750.9 1.0 10.0 300
Diguaiacol 5.9 0.9 1.0 >150*
4-Methoxyphenol 0.45 5.0 0.5 5600.5 5.0 1.0 5201.9 9.3 6.0 6401.35 5.1 10.1 640
2,4-Dimethoxyphenol 2.7 0.5 1.0 >200*
2,4, 6-Tri‘^butylphenol 1.8 0.5 1.0 1401.8 0.5 5.0 1602.1 0.5 10.2 145
4-Methoxy-1-naphtho1 2.7 1.0 1.0 1852.5 1.0 5.1 1801.9 1.0 10.2 135
1-Naphthol 5.7 0.5 1.0 165.2 0.5 5.0 96.0 0.5 10.0 13
2-Naphtho1 6.0 0.5 1.0 156.0 0.5 5.0 105.5 0.5 10.0 19
4-Methoxyani1ine 0.8 0.5 1.0 4901.8 1.1 5.0 5001.9 2.2 10.1 685
2,4-Dimethoxyaniline 1.2 7.5 1.0 12502.7 7.4 1.0 1000
* Estimated minumum values; MP-8 not necessarily all consumed Phosphate buffer (0.1 M), pH 7.0 Temperature: 2 5 °C
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In the cases of diguaiacol and 2,4-dimethoxyphenol estimates of 
the RCE were made because insufficient quantities of these 
substrates were available to carry out more extensive studies. 
However, these estimates are included to show that the values were 
of the same order of magnitude of the related substrates. These 
estimates were obtained from reactions in which the rise in 
absorbance stopped due to consumption of H2O2 and so the true 
concentration of MP-8 used was unknown. Quoted values of RCE 
assume that all of the MP-8 had just been consumed at the end of 
the reaction; true values are probably rather higher.
Most striking is that in almost every case values of RCE of 
MP-8 were essentially independent of substrate concentration for 
each substrate. The only exceptions were ferrocyanide and phenol 
and even then the increase was only 50% and 65% respectively over 
a ten-fold increase in substrate concentration.
5.2.3 Cyclopropanone hydrate; a suicide inhibitor of the 
peroxidase reaction 
Cyclopropanone hydrate (CH) was prepared by the hydrolysis of 
l-ethoxycyclopropanoll31, which was prepared from 1-ethoxy-l-tri- 
methylsiloxycyclopropanel32. The latter was in turn prepared 
from ethyl 3-chloropropionate and chlorotrimethylsilane according 
to the method of R u h l m a n n ^ 3 3 ,  Reaction scheme in Fig. 51.
1-Ethoxy-l-trimethylsiloxycyclopropane was obtained as a pale 
orange-brown coloured liquid which was vacuum distilled; boiling 
range of desired fractions was 36-43°C at -18 mmHg. Yield;
1.60g; 12%. This was reacted with dry methanol^34 to obtain the
1-ethoxycyclopropanol product which was distilled under vacuum 
using a micro-distillation apparatus; boiling point ~60-65°C at 
-20 mmHg, yield 0.60g; 64%.
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Fig. 51 - Reaction scheme for the preparation of cyclopropanone 
hydrate
Na + ClCHgCHgCOgCHgCHg
NaCl +
O-SifCHg)]
CHgCHg y/\ ^O — CH2CH3 
\ O
CH3OH
Na^ ~Cl+Si(CH3)3
CH2CH3
OH
H,
100 C OHOH
Cyclopropanone hydrate
126
After the 1-ethoxycyclopropanol (0.60g; 5.87 x 10”  ^ moles) was
dissolved in distilled water (25 ml), pH 5.45 unbuffered, and 
heated at lOO^C for four minutes, the hydrolysed cyclopropanone 
hydrate product was diluted with water to a total volume of 100 ml 
to give a stock solution of 0.0587 M.
The peroxidase activity of MP-8 was reduced by the presence of 
CH as reflected by a decrease in RCE of MP-8 with guaiacol; no 
shift in the wavelength of the Soret band of MP-8 was noted. The 
results are shown in Table 17 and Fig. 52. At concentrations 
above 1 x lO^^M of CH the RCE of MP-8 decreased substantially and 
with a CH concentration of -0.06M practically all peroxidase 
activity was inhibited.
5.2.4 Competitive reaction between 4-methoxy-l-naphthol and 
guaiacol with MP-8 
In reaction solutions containing two substrates, guaiacol and 
4-methoxy-l-naphthol onlÿ the oxidation product of the latter was 
formed The combinations and concentrations of reactants 
together with the results are summarised in Table 18 and a typical 
UV spectrum of a reaction mixture given in Fig. 53. Even when 
the concentration of guaiacol was ten times higher than that of 4- 
methoxy-1-naphtho1 only the blue-coloured oxidation product of the 
latter was formed. If the reaction was carried out with a much 
lower concentration of 4-methoxy-l-naphthol then the guaiacol was 
oxidised, but only after all of the former had been consumed. 
Similar results were obtained using HRP (0.06 mg per 250 ml) in 
place of MP-8 ; see Table 12b, chapter 4.
Further supportive evidence was obtained from the reaction 
with HRP; see Fig. 54. The absorbance at 620 nm began to level 
off after 30 seconds due to consumption of 4-methoxy-l-naphthol,
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Table 17 - Variation of RCE of MP-8 with concentration of cyclopropanone hydrate
Conc^ of CH(M) log
Mean conc^ of MP-8 (X 10-?M)
Mean RCE of MP-8 Stnd Dev^ 
^n-1
0 -- 6.35 240 5
1.17 X 10-4 -3 .93 6.1 230 5
5.85 X 10-4 -3.23 6.4 200 15
1.174 X 10-3 -2.93 6.4 160 5
5.870 X 10-3 -2 .23 6.4 115 5
0.01174 -1.93 6.0 75 20
0.05870 -1.23 19.7 5 1
CH: cyclopropanone hydrate
Conc^ of H2O2 :ConcH of guaiacol:AAbs per mole of H2O2 ] at 470 nm: Temperature: 2 5°CPhosphatejbuffer (0,1 M), pH 7.0
5.15 X 10“4m  5,00 X 10-4M 5200 M-lcm-1
Fig. 52 - Variation of RCE of MP-8 with Concn of 
cyclopropanone hydrate
250 T
200
00
150
5 -4.5 4 -3.5 3 -2.5 2 1.5 1 -0.5
L o g  ( C o n c n  o f  c y c l o p r o p a n o n e  h y d r a t e )
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Table 18 - Competitive peroxidase reaction of guaiacol and 4-methoxy-1-naphthol
Cone*' of 4-methoxy- 1-naphthol
(X 10"4m)
Cone** of guaiacol
(X 10“4m)
Cone** of MP-8
(X 10-?M)
Absorbance at 620 nm after 13 minutes
Absorbance at 470 nm after 13 minutes
1.01 1.00 2.0 O.lll 0.0281.01 2.00 2.0 0.111 0.0231.01 10.00 2.05 0.169 0.0321.01 * 1000.00 2.05 0.245 $a — — — —0.10 10.00 2.05 0.054 0.165 #1.01 * 2.0 0.095 $b —— ——— —- - 10.00 2.05 0.009 0.203
ConcH of H2O2 ; 1.00 X 10-4% except, * 0,505 x 10“4mPhosphate buffer (O.IM), pH 7.0 Temperature: 2 5 °C$ Initial dabs/dt at 620 nm: a) 5.6 x 10“4mb) 1.9 X 10“ 4m  # Initial rise in absorbance at 62 0 nm due to 4-methoxy-l- naphthol product formation; oxidation of guaiacol occurred only after all of the 4-methoxy-l-naphthol had been consumed,
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Fig. S3 - UV spectrum of the oxidation product of 4-methoxv-l-naphthol 
in the presence of excess guaiacol
l4-MeO -1-NpOHl: 1 x
{Guaiacol): 0.1 M 
{H 202 ) 1 X 10-^M
Catalyst: HRP
NB Similar product obtained ùsing MP-8 as the catalyst
Fig. 54 - Plot of absorbance versus time for the reaction of 4-methoxv-1 
naphthol with MP-8 in the presence of excess guaiacol
II%|iI Oxidation product ot guaiacol
All 4-methoxy-l-naphthol consumed
[4-Methoxy-1-naphthol): 1 x 10*^M 
{Guaiacol): 0.05 M 
Catalyst; HRPOxidation product of 4-cnethoxy-1-naphthol
1 3 0
but then increased again due to oxidation of guaiacol, before 
decreasing after "110 seconds. The initial absorbance increase at 
470 nm could be attributed to the lower absorbance coefficient of 
the oxidation product of 4-methoxy-l-naphthol at that wavelength, 
rather than due to guaiacol oxidation. Thus it would appear that 
no "tetraguaiacol" is produced until all of the 4-methoxy-l- 
naphthol has reacted first.
5.3 Discussion
5.3.1 Bleaching of MP-8 by hydrogen peroxide
HRP is a highly efficient peroxidase enzyme undergoing many 
catalytic cycles with little loss of activity. The enzyme 
appears to accommodate the second oxidising equivalent of Compound 
I as a TT-cation porphyrin radical with the protein protecting the 
porphyrin ring against degradation and so Compound I is relatively 
stable in the absence of any reducing substrate.
In contrast the rate of the peroxidase reaction of MP-8 is 
hundreds of times slower than with HRP and the iron porphyrin is 
much more susceptible to inactivation or bleaching by H2O2 . It 
has been found, that in the absence of any substrate MP-8 is 
rapidly bleached by the addition of H2O2 , but that in the presence 
of a substrate the subsequent reactions of MP-8 Compound I signif­
icantly reduces the bleaching reaction and leads to regeneration 
of resting MP-8 via the catalytic cycle, although residual bleach­
ing of MP-8 results in a gradual loss of peroxidase activity.
Much higher MP-8 concentrations than those of HRP are therefore 
required for peroxidase reactions and product formation often 
stops due to loss of MP-8 rather than consumption of H2O2 or of
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substrate, the addition of more MP-8 leading to continued oxida­
tion of product.
Upon the addition of H2O2 (Table 15) a value for the second- 
order rate constant for loss of MP-8 , k2 of 8125 M"^s*"^ can be 
derived which, allowing for experimental errors is consistent with 
the values of k2 (7500 ±1500 M”^s“l) found in the peroxidase 
reaction of MP-8 with a range of substrates (see Table 8 ). This 
provides evidence that bleaching of MP-8 proceeds via the same 
MP-8 intermediate that is involved in the peroxidase cycle.
5.3.2 RCE of MP-8 with various substrates
The RCE of MP-8 measures the ratio of (a) the reaction of MP-8 
Compound I with substrate leading to regeneration of MP-8 to, (b) 
the reaction of MP-8 Compound I that results in bleaching. The 
RCE of MP-8 with different substrates might therefore be expected 
to reflect differences in reactivity. A similar qualitative 
approach has been made by Traylor31'48 t^io attempted to relate the 
critical oxidation potentials (as defined by Fieser^^^ of a range 
of substrates with their relative reactivity towards a model 
analogue of Compound I prepared from haemin chloride.
In Table 19 values of the RCE of MP-8 and the oxidation 
potentials, Eq for the only substrates studied for which the 
latter are known are given;
Table 19
Compound Oxidation potential 
Ec (V)
RCE of MP-8
Phenol 1.089 (F) 150Guaiacol 0.868 (F) 2854-Methoxyphenol 0.75 (MZ) 5502-Naphthol 1.017 (F) 15
F - Fieser^35 MZ - Meites and Zuman^^®
132
From this table it can be seen that the RCE of MP-8 for a 
substrate cannot be directly related to the oxidation potential of 
that substrate. From the limited data for the three phenols 
there appears to be a positive correlation between RCE and Ec.
From scheme 1 (5.1) it would be anticipated that increasing the 
concentration of substrate, S should reduce the destruction of the 
MP-8 intermediate and the RCE of MP-8 should increase linearly 
with substrate concentration for a given concentration of MP-8 .
The results obtained for the jji-chloroperbenzoic acid oxidation of 
2,4,6-tritbutylphenol, catalysed by protohaemin, by Traylor^B 
indicated that the extent of substrate oxidation was indeed 
linearly dependent upon substrate concentration for a fixed amount 
of the catalyst, up to a maximum value determined by the 
concentration of g-chloroperbenzoic acid.
However, the results obtained for the RCE of MP-8 with varying 
substrate concentrations (Table 16) show that the RCE is 
effectively independent of substrate concentration over a ten-fold 
concentration range for all the substrates studied in detail.
(The only exceptions were ferrocyanide and phenol for which the 
increase in RCE is small). These findings are inconsistent with 
the reaction mechanism of scheme 1 .
There are two possible mechanisms which would account for the 
observations: either (i) both the reaction of intermediate
leading to oxidation product and that resulting in destruction are 
independent of substrate, or (ii) there is a second substrate- 
dependent reaction leading to destruction of the MP-8 intermedi­
ate. The fact that the RCE does depend upon the nature of 
substrate, but not the concentration, would appear to rule out 
mechanism (i) and a second mechanism is presented in scheme 2 :
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^  Scheme 2
x "/
//
^ (via Cmpd 0)
M
%2
(slow)
3+
^  Decompositionkd •
kd
Decomposition
Nomenclature as defined earlier (5.1).
MP-8 Compound I undergoes bleaching, with rate constant k^ j in 
the absence of any organic substrate, but with substrate it can 
either react to give product and regeneration of MP-8 or react in 
a non-product forming process leading to decomposition with rate 
k^,; in the presence of substrate this is the major pathway for 
loss of MP-8 . Decomposition of the MP-8 Compound II analogue may 
also occur but is likely to be kinetically less important and has 
been omitted for clarity. Assuming MP-8 Compound I to be in 
"steady state" the following can be derived for scheme 2 :
Initial rate, v = kg,kp.FMP-Sln.rHoOoln.FSin —  (1)kpl [S]q + k{^i. [S]0 + ka
Rate of loss of MP-8 ,
dXMPzSl = -k2 -[MP-8 ] . [H2O2 ] . k^t . fS1 + k^_______  —  (2)dt kp.[S]+k^ji.[S]+k^
RCE of MP-8 =  kp. rsi —  (3)
k d '•L S ] + k^
The general form of (1) gives the rate of loss of H2O2 ,
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-d[H2 0 2 ]/dt at an time, so integration of this gives 
[H2O2 ]consumed any time; integration of equation (2) from t=0 
to infinity gives [MP-8]consumed any time. The RCE of MP-8 is 
calculated by dividing [H2O2 ]consumed [MP—8]consumed (integral
of (1) by integral of (2)) giving (3). Assuming that [S] varies
little during the course of a reaction enables the terms involving 
S to be taken outside the integral terms and so they cancel out, 
leaving RCE as in (3); the experimentally determined RCE is a 
specific form of this equation when all of the MP-8 is consumed so 
[MP-8 ] consumed ~ [MP-8]-j-;s=o •
For all substrates studied the RCE was found to be high in most 
cases and always greater than 8 , indicating substantial catalytic 
activity. This indicates that the "product-forming” reaction of 
the MP-8 Compound I was always much faster than the sum of the two 
proposed "destruction" pathways for the intermediate. Thus kp[S] 
> k(ji.[S] + k(j in scheme 2 so equation (1) can be simplified to 
equation (4);
V = k2 . [MP-8 ] 0 » [H2O2 ] 0 —  (4)
This corresponds to the experimentally observed first-order 
dependence of rate upon concentrations of H2O2 and MP-8 . Simi­
larly equation (2) can be simplified to (5);
drMP-81 = -k2 .[MP-8 ].[H2O2 ]. kd».rsi + ka —  (5)dt kp.[S]
The experimental observations of the independence of RCE of 
MP-8 on substrate concentration indicates that k^ j «  k^ifS]; this 
means that deactivation or loss of MP-8 occurs predominantly via 
the substrate-dependent route, k^i in the presence of substrate 
and that the k^ j route is only significant in the absence of 
substrate. Thus equation (3) can be approximated by equation (6)
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and so the RCE is dependent upon the nature of the substrate but 
independent of substrate concentration;
RCE of MP-8 = kp/k(ji —  (6)
Substitution of the full form of RCE, equation (3), into equa­
tion (5) leads to a further simplified form for the rate of loss 
of MP-8 :
-drMP-81 = -k2»rMP-81.rHo02l —  (7)dt RCE
The first-order rate constant, for loss of MP-8 , kobs “ 
k2 [H202]/RCE. Therefore the RCE can be checked if the first- 
order rate constant for loss of MP-8 can be measured; the value 
for the second-order rate constant, k2 can be obtained separately 
using the initial rates method, equation (4).
As can be seen in Table 20 the values of RCE calculated in this
way, RCEcal for loss of MP-8 in the presence of 4-methoxy-phenol 
were in reasonable agreement with the experimentally obtained 
values. The fact that RCE is a ratio of two rates may explain 
why it does not directly follow trends in oxidation potentials.
So far the main evidence for a "substrate-dependent" deactiva­
tion reaction of the MP-8 intermediate is kinetic. Once formed 
this deactivated form of MP-8 may be bleached by H2O2 or decompose 
in a similar way to MP-8 Compound I in the absence of substrate.
It seems possible that the inactivated form of MP-8 observed in
the reaction of MP-8 with H2O2 in the presence of 1-naphthol
(see chapter 3) results from such a reaction. The results of 
variation of rate of conversion of MP-8 to the 408 nm compound 
with H2O2 concentration (see Table 6b) were consistent with the 
form of equation (7). Calculated values of RCE, using the first- 
order rate constant, kobs a mean value for k2 from Table 8 ,
are included in Table 6b. These RCEoal value were slightly lower
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Table 2 0 - Variation of RCE of MP-8 and first-order rate,for the peroxidase reaction of 4-methoxyphenol with substrate concentration
Rate of absorbance increase followed at 315 nm. A first-order plot of [ln(Aoo - At)] versus time for the first minute of each run was made and a least-squares treatment of the plot carried out; the gradient of the slope gave the first-order rate, kobs-
Conc^ of 4-MeoPhOH
(X 10"4 m )
ConcH of MP-8
(X 10-?M)
First-order rate const,
(X lor^s-l)
Half-life
tl/2(s)
Calcld
RCEcalofMP-8
Expmntl RCE of MP-8
2.0 1.9 9.20 75 605 4752.0 1.95 9.29 75 600 460
4.0 2.0 8.16 85 685 590
6.0 1.8 8.47 82 660 6806.0 1.95 8.87 78 630 600
8.0 1.8 7.77 89 720 650
10.0 1.95 6.73 103 830 750
Cone" of H2O2 : 9.3 X 10-4
AAbs per mole of H2O2 at 315 nm; 2700 M-^cm“^Phosphate buffer (0.1 M), pH 7.0 Temperature; 25°C
RCE of MP-8 = [H2O2 ]c o n s u m e d / 30
RCEoal determined from; kobs/[H2023o ~ k^/RCE
where, k2 = second-order rate constant.Value of k2 over concentration range of 4-methoxyphenol of 1 to 10 X 10“4m (from Table A24) taken as; 6800 M-is“i
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than the RCE values with 1-naphthol given in Table 16, but within 
experimental error considering the low extent of product formation 
with resultant low RCE values. Significantly, it can be seen 
that the RCE increased negligibly when the concentration of 
1-naphthol was increased ten-fold, again consistent with equation 
(7 ) in which there is no substrate concentration term.
5.3.3 Cyclopropanone hydrate; a suicide inhibitor of the 
peroxidase reaction
Wiseman et ^i3i/i37 found that cyclopropanone hydrate (CH) 
acts as a suicide-inhibitor towards the peroxidase enzyme. It is 
considered that substrate-dependent inhibition of the peroxidase 
reaction of MP-8 , as shown by the studies on RCE, result from the 
substrates acting in a capacity as suicide-inhibitors to the MP-8 
Compound I. With CH the e v i d e n c e i 3 6  suggests that the deactiva­
tion of HRP involves attack of CH on the haem portion of the 
enzyme. The mechanism involves hydrogen abstraction at a hydrate 
group of CH by the oxygen atom bound to HRP Compound I; this one 
electron oxidation of CH results in C1-C2 ring opening giving a 
primary free radical of propionic acid. Combination of this 
radical with the n cation radical of Compound I then follows 
leading to covalent bond formation at the meso p o s i t i o n ^ 2 6  and the 
-OH co-ordinated to the haem iron is lost as a water molecule. 
Lastly proton loss from this isoporphyrin ir cation gives the final 
stable modified haem with a propionic side chain substituted for 
one of the methine protons.
The inhibition of peroxidase activity of MP-8 by CH was invest­
igated by comparing the RCE of MP-8 with guaiacol obtained in the 
presence of CH with that in the absence of any CH. The concentr-
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ation of CH required to observe a significant reduction of peroxi­
dase activity, as measured by decreases in RCE of MP-8 , was 
approximately 100 times higher (> 1 x 10~3M) than that with HRP.
It appears that CH competes with guaiacol for reaction with the 
active intermediate of MP-8 enhancing deactivation of MP-8 and so 
reducing the RCE. Presumably any such deactivated form of MP-8 
bound to the inhibitor was transient since no non-bleached form of 
deactivated MP-8 could be detected by UV.
In light of these observations it is suggested that the 
hydrogen-donor substrates themselves are capable of binding to the 
MP-8 intermediate, to a lesser extent, in a similar way as CH, 
leading to deactivation of MP-8 , in addition to the usually pre­
dominant reaction resulting in product formation. Evidence for 
such substrate inactivation is supported by the formation of a 408 
nm inactive MP-8 derived compound in the reaction of MP-8 with 1- 
naphthol and H2O2 (see 3.2.10).
5.3.4 Competitive reaction between 4-methoxy-l-naphthol and 
guaiacol with MP-8 
In these experiments the 4-methoxy-l-naphthol always reacted 
preferentially to guaiacol, with MP-8 or HRP; no increase in 
absorbance at 470 nm was seen due to oxidation of guaiacol. The 
greatest difference in the concentrations of 4-methoxy-l-naphthol 
and guaiacol used in these experiments was one thousand times more 
guaiacol than 4-methoxy-l-naphthol and still no "tetraguaiacol" 
was detected, so 4-methoxy-l-naphthol could be as much as one 
thousand times more reactive than guaiacol in the competitive 
peroxidase reaction. These results are rather surprising bearing 
in mind the relatively similar RCEs of MP-8 obtained with these 
two substrates.
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Two possible explanations for these results can be offered. 
Firstly, that 4-methoxy-l-naphthol does indeed react much more 
readily than guaiacol with HRP or MP-8 Compound I, although this 
not reflected in the differences of RCE with these two substrates. 
The second more plausible explanation is that both substrates have 
a comparable reactivity towards Compound I is ^act is similar for 
both but the 4-methoxy-l-naphthol radical is more stable than the 
guaiacol radical because the extra electron is delocalised over 
the larger tt system of two aromatic rings. Thus although 
guaiacol radicals would be initially formed (almost exclusively in 
the presence of a large excess of guaiacol over 4-methoxy-l- 
naphthol) at the same rate as those of 4-methoxy-l-naphthol the 
former radicals are subsequently transferred to 4-methoxy-l- 
naphthol molecules, giving more stable radicals. Only the 4- 
methoxy-1-naphthol radicals exist long enough to undergo further 
oxidation to give a coloured quinone product. Once all of the 4- 
methoxy-l-naphthol is consumed guaiacol radicals react in the 
usual way to give the coloured oxidation product.
If the latter is correct these findings indicate a radical 
transfer reaction occurring off the catalyst. Thus the initial 
one-equivalent oxidation product of a two or more electron-donor 
substrate has a finite life-time and is not tightly bound to the 
enzyme intermediate, but able to move freely and interact with 
other substrate molecules. The initial one-equivalent oxidation 
product of substrate does not immediately reduce Compound I by the 
second oxidation equivalent; je these substrates reduce Compound I 
back to resting enzyme in two distinct one-electron steps via 
Compound II or an MP-8 equivalent. This also provides important 
evidence to show that the reduction of Compound I by substrate
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involves donation of an electron, followed by proton transfer, 
rather than the transfer of a hydrogen atom.
5.4 Conclusions
Unlike HRP, MP-8 is rapidly bleached by H2O2 in the absence of 
any substrate via the reactive intermediate analogous to Compound 
I of HRP.
The ROE varied little with substrate concentration; to account 
for this a substrate-dependent deactivation reaction of the MP-8 
intermediate has been introduced into the reaction scheme.
Cyclopropanone hydrate (CH) acts as a "suicide-inhibitor” of 
peroxidase activity by binding with and deactivating the active 
centre of HRP. CH acts in a similar way to substantially reduce 
peroxidase activity of MP-8 . It is proposed that the "substrate- 
involved" deactivation of the MP-8 intermediate involves binding 
of substrate to the haem centre possibly in a similar way as that 
with CH. A deactivated form of MP-8 observed in the reaction 
with 1-naphthol and H2O2 may be analogous.
It appears likely that with a mixture of substrates radical 
transfer can occur from one to the other subsequent to the 
involvement of a MP-8 species.
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CHAPTER 6
OXIDATION PRODUCTS
6.1 Introduction
The oxidation products of some substrates used for studying the 
peroxidase reaction eg. A B T S ^ ® 120,138  ^ ferrocyanide, pyro- 
gallolllS'llGb and 2 ,4,6-tri'^butylphenol^S are relatively simple, 
but many others are complex mixtures. The most widely used class 
of substrates are phenols.
Phenols used as substrates in published papers range from very 
simple ones, including phenol itself1^®, through pyrogallol 
(1 ,2 ,3-trihydroxybenzene) and methoxy phenols, such as guaiacol, 
to more complex ones, such as sesamol (3,4-methylenedioxyphenol) 
and sesamol dimerl40^ homovanillic acid (3-methoxy-4-hydroxy- 
phenylacetic acid)141 and leucomalachite (2 ,3',6-chloroindo- 
p h e n o l ) 113/114,142, In general the oxidation products of simple 
phenols vary from relatively simple products, such as dimers, to 
complex mixtures of oligomers, polymers and benzoquinones depend­
ing on oxidation conditionsU®. In this chapter the oxidation 
products of guaiacol, 4-methoxyphenol and 4-methoxy-1-naphthol are 
investigated.
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6.2 Results and Discussion
6.2.1 Analysis of the oxidation product of guaiacol
6.2.1.1 Product extracted from aqueous reaction solution
Tic analyses of the oxidation product of guaiacol using a range 
of eluents and UV/vis visualisation showed it to contain 5-10 
components, including unreacted guaiacol. It is not a simple 
tetramer as was originally proposed by Bertrandll? (see Fig. 55) 
which in any case would not account for the orange-red colourll®. 
Some of these components decomposed in light and/or on heating, on 
standing and on silica; no conclusive evidence for the presence 
of diguaiacol was found.
A tic taken immediately after the product was extracted 
contained at least five components; a tic taken 30 minutes after 
extraction of the product appeared similar but with a few very 
faint additional spots. Product extracted and analysed in the 
dark contained at least five components and was very similar to a 
tic of product taken immediately after extraction in the light; a 
tic taken after an hour, in the dark, was the same.
6 .2.1.2 Solid product precipitated out of aqueous solution
The fine black-brown solid dissolved in chloroform giving a red 
solution with the same UV absorbance band as for the product 
extracted from solution. Tic analysis of the product indicated 
that it contained fewer components than the latter product.
A 360 MHz ^H NMR spectrum of the solid product contained a 
number of multi-signal broad peaks and was too complex to derive 
detailed information about the nature of the components present. 
The major signals were a sharp peak at 51.55, a broad multi- 
component peak from 53.7 to 4.0 and a complex broad peak from 56.8 
to 57.4, in the approximate ratio 2:4:3. This was consistent 
with the presence of a mixture of aliphatic, methoxy and aromatic
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protons, respectively. The high field signal is not present in 
NMR spectra of guaiacol or diguaiacol and may arise from the 
formation of polymeric material or decomposition products.
The hplc analysis showed the solid to be a mixture of at least 
five main and a number of minor components; the peaks were rather 
broad and the baseline was subject to an upward drift. Major 
peaks were observed after 6 , 9.5, 13.5, 18 and 26 minutes, minor 
peaks after 11.5, 12.5 and 14.5 minutes.
6 .2.1.3 Preparative tic of guaiacol product
A preparative tic of the product showed it to contain at least 
six components, including some guaiacol and material that remained 
at the origin. Many of the compounds were present at too low 
concentrations to be detected readily by tic analysis, or to give 
reasonable UV spectra. Only the third band gave a very weak 
absorbance at 470 nm (<1% of that calculated from the concentra­
tion of guaiacol used), indicative of the main component of the 
oxidation product of guaiacol having decomposed.
6.2.1.4 Tic analysis of the oxidation product of diguaiacol
The tic was rather faint due to the small amounts of material
available; with both the guaiacol and diguaiacol products some 
material remained at the origin and streaking was evident. The 
guaiacol product gave one main spot with a rf -0 .2 ; the 
diguaiacol product gave two main spots with rgs -0.2 and 0.35.
It thus appears the oxidation products of guaiacol and diguaiacol 
are similar, as predicted from the respective UV spectra. The 
absence of the second spot is attributed to the low concentration 
of product; in other tics of guaiacol product similar faint spots 
were seen in this region. If oxidation of guaiacol proceeds via 
dimers (diguaiacol) then a mixture of fi-g, a-p and p-p isomers are 
likely to be formed resulting in a complex mixture of oxidation
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Ficy. 55 - Reaction scheme for the formation of "tetraguaiacol"
OH
.OCR. HRP+ 4 H2O2  ►
OCROCR
I— 0 —  0
+ 8 R2O
Tetraguaiacol
Fig. 56 - 360 MHz NMR spectrum of the oxidation product 
4-methoxvphenoi
i.H IN CUCui. J. BACHELOR.
ocrDE?.ia,aai DATE 16-IÜ-3Ü
RÜNS
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Solvent: CDCI3
PPM
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products. In contrast the oxidation product of the chemically 
prepared single isomer of diguaiacol is oxidised to a simpler 
product; this accounts for the simpler appearance of the UV 
spectrum of the diguaiacol oxidation product (single broad absorb­
ance peak), compared to that of guaiacol oxidation product (two 
overlapping peaks); see Fig. 19, chapter 4.
Our results provide supportive evidence for the nature of the 
guaiacol oxidation product, "Tetraguaiacol" slowly decomposes 
via two distinct pathways^^?, one affected by light and another 
involving excess guaiacol, leading to different products, includ­
ing diguaiacol. The initial product (P), formed by the peroxi­
dase reaction of guaiacol in the dark, undergoes two non-enzymatic 
secondary reactions.
Exposure of P to light results in the formation of a product, 
termed P]^ , whilst the presence of a high concentration of guaiacol 
results in formation of a different product, termed Pg; the 
structure of P% being consistent with that of diguaiacol or itsj4,4'-isomer. The light-dependent decomposition of guaiacol 
oxidation product is not significant in kinetic studies since 
these are carried out in the dark in the UV spectrophotometer.
Our results indicate that the major decomposition pathway observed 
was that due to excess guaiacol.
6.2.2 Analysis of the oxidation product of 4-methoxyphenol
Tic analyses of the yellow oxidation product of 4-methoxy- 
phenol using a range of eluting solvents of differing polarity 
showed it to contain one major and 3-4 minor components. By 
varying the polarity of the eluting solvent another spot between 
the main spot and the solvent front and two to three fainter spots 
between the origin and the main spot were observed.
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The 3 60 MHz in NMR spectrum (Fig. 56) of the oxidation product 
showed it to be essentially a single compound with impurities. 
Compared to the spectrum of 4-methoxyphenol itself the phenolic 
protons were no longer present in the oxidised form. The 
spectrum of the oxidation product was consistent with the forma­
tion of a dimer and loss of the phenolic hydrogen atoms, either 
2,2*- or 4,4*-dimethoxybiphenyl-1,1 *-quinone.
The oxidation of phenols in the peroxidase reaction proceeds 
via the initial formation of a phenoxy radical, resulting from a 
one electron reduction of Compound I  or Compound II. The oxida­
tion product of 4-methoxyphenol, the p-isomer of guaiacol is less 
complex than that of guaiacol. This finding is consistent with 
published o b s e r v a t i o n s l ^ O , 141b,c,143 that the oxidation products 
of p-substituted phenols are often dimers or quinones and 
generally simpler than those of phenols with a free p-position, 
presumably because more complex products result from the inter­
action of p-phenoxy radicals.
6-2-3 Analysis of the oxidation product of 4-methoxy-l-naphthol 
6-2-3-1 Preparation and analysis of the enzymic oxidation 
product of 4-methoxy-l-naphthol
After the first addition of stock 4-methoxy-l-naphthol the 
solution immediately developed an intense blue colour, gradually 
turning darker blue with solid particles settling out of solution. 
This dark blue solid oxidation product had a mp of 243-245°C; 
lit.SO value 259-260°C. The slightly low melting point obtained 
is attributed to the presence of low levels of impurities which do 
not show up on the NMR analysis.
Proton NMR and infrared analyses of this product showed it to 
be consistent with that proposed by GuilbaultSO the quinone
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form of coupled 4-methoxy-l-naphthol (see Fig. 57). The NMR 
spectrum was the same as that obtained for the chemically oxidised 
product of 4-methoxy-l-naphthol by Guilleme st al^l^.
The 360 MHz ^H NMR spectrum (Fig. 58) has the following 
signals; 4.08 ppm (s), 7.48 ppm (t), 7.59 ppm (t), 7.80 ppm (d), 
8.16 ppm (d) and 8.41 ppm (s). The relative intensities were 
3 :1 :1 :1 :1:1 respectively, assigned to six methoxy hydrogens and 
ten aromatic hydrogens. Of the aromatic protons the singlet at 
8.41 ppm was from the single meta- position hydrogen on the 
substituted ring, whilst the doublets at 7.80 ppm and 8.16 ppm 
were from the two^hydrogens and those at 7.48 ppm and 8.41 ppm 
from the two^hydrogens on the other ring of each half of the 
molecule. Since the molecule is a dimer each signal actually 
represents two protons, giving a total of sixteen hydrogen atoms. 
There was no signal due to phenolic hydrogens indicating that it 
was the quinone form of the product present.
The absence of any significant absorbance in the range 3200- 
4000 cm"! in the infrared spectrum (KBr disc) indicated the 
absence of any phenolic groups. The carbonyl groups of the 
quinone were observed as an absorbance peak around 1600 cm” .^
The striking blue colour of this product is a general feature 
of all Q-diphenoquinones (Amax 620 nm) and dinaphthoquinones \ 
max 588-610 nm); all 2,2' isomers are blue, whilst all 4,4'- 
isomers are violet. The absorbance maxima of such products are 
rather higher than those predicted by calculation of the tt system; 
it is possible that the blue colour results in part from the 
presence of di-radicals.
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Fig. 57 - Reaction scheme for the oxidation of 4-methoxy-l-naphthol
Fe(III)por: + HgOg Fe(IV)por.+ + HOg 
(I)
4-Methoxy-1-naphthol
H
OH
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Fig. 58 - 360 MHz NMR spectrum of the oxidation product 
of 4-methoxv-1 -naphthol
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Fig. 59 - UV spectrum of the oxidation product of 4-methoxv-1-naphthol
showing variation with percentage 1.4-dioxan content
[4-Melhoxy-1-naphtholl: 0.4 x 10~4m
a: 10% l ,4<lioxan — i  j; 100% 1,4^dioxan 
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6 .2.3.2 Comparison of the oxidation product of 4-methoxy-l- 
naphthol obtained using HRP, MP-8 and Mb
The results showed that the the same mixture of compounds, (as 
shown by tic), with one main component, is obtained in the oxida­
tion of 4-methoxy-l-naphthol using HRP, MP-8 or Mb. This 
indicates that oxidation occurs via a mechanism common for perox­
idase enzyme, MP-8 and Mb, indicative of donation of an electron, 
followed by transfer of a proton, rather than donation of a 
hydrogen atom.
6 .2.3.3 Variation of molar absorbance coefficient of the 
oxidation product with water-solvent composition
In studies to determine ^Abs/[H202], due to oxidation of 4- 
methoxy-1-naphthol, the maximum absorbance reached was approximat­
ely half that predicted by the quoted^O molar absorbance coeffi­
cient of 1.8 X 10^ M“^cm“^. To determine the cause of this 
anomaly the molar absorbance coefficient of the blue product was 
determined in a range of solvent compositions.
The UV spectra of solutions of 4,4'-dimethxoybinaphthyl-1,1'- 
quinone in water, 1,4-dioxan and 1,4-dioxan/water mixtures are 
shown in Fig. 59 and the variation of Amax and absorbance at 62 0 
nm with increasing water content summarised in Table 21. The 
literatureSO value for §620 1.8 x 10  ^ M"lcm”  ^ is much higher
than that found in aqueous solutions; the mean observed value for 
§620 iri aqueous solutions (>90% water content) was 0.94 x 10^ M”  ^
cm”^. The molar absorbance coefficient of the quinone in an 
organic solvent such as 1,4-dioxan is much higher than that in 
aqueous solution. These findings are typical of differences in 
the wavelength and intensity of the UV absorbance bands of 
compounds observed upon changing the polarity of solvent. Upon 
changing solvent from 1,4-dioxan to water there is a shift to
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Table 21 - Variation of §^20 for 4.4 *-dimethoxvbinaphthvl-l.1 *- cminone with solvent composition in 1 .4-dioxan/water
Solution %watercontent
^max.
(nm)
Absorb. Absorb.at 620 nm
^620 
(X 104 M-lcm-1)
1 0 625.4 0.541 0.537 1.592 10 628.0 0.529 0.521 1.543 20 628.8 0.524 0.513 1.524 30 631.9 0.505 0.491 1.455 40 631.2 0,463 0.451 1.336 50 621.6 0.330 0. 325 0.977 60 614.2 0.294 0.292 0.868 70 610.4 0.307 0.302 0.899 80 610.4 0.320 0.314 0.9310 90 610.4 0.319 0.313 0.9311 * 95 603.4 0.165 0.161 0.9512 # 99 603 . 0 0.033 0.032 0.95
Concentration of quinone; 1-10;*:#:
0.338 X 10-4M 0.169 X 10“4m  0.034 X 10“4m
Value of §620 essentially aqueous solution (less than 10% 1,4-dioxan content) was: §620 “ 0.95 x 10  ^ M”^cm“^
cf. Lit^O value of 1.80 x 10  ^ M-^cra” .^
Experimental value of the molar absorbance coefficient of the blue quinone in pure 1,4-dioxan was:§620 = 1-59 X 104 M-lcm-1
Since ratio of H2O2 : 4-methoxy-l-naphthol is 1:2 in the peroxidase reaction, in aqueous solution AAbs/[H2O2 ]consumed at 620 nm = 4250 M"“^ cm"^.
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lower wavelength of 13 nm in the position of A^ax enones due to 
destabilisation, which is a normal effect arising from the 
difference in polarity of the ground state (s=0 ) and the first 
excited state. It appears that the quoted^® value for §620 is 
that in organic solvents being comparable to that of 1.59 x 10  ^
M”icm“i found in pure 1,4-dioxan.
6 .2.3.4 Variation of position of maximum absorbance of the
oxidation product of 4-methoxy-l-naphthol with solvent 
The position of Amax. the quinone is solvent dependent, as 
can be seen from Table 22. The position of Amax. i^ water was 
lower (610 nm) than that in all the other solvents (622-641 nm). 
Formamide has a higher dielectric constant than water, but the 
position of Amax. the quinone in formamide was actually the 
highest (641 nm). This showed that the low value ofAmax.
the quinone in aqueous solution was caused by a hydrogen bonding 
effect, rather than a dielectric effect; differences in solvent 
polarity result in destabilisation to the electronic ground state.
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Table 22 - Variation of with solvent for solutions4.4*-dimethoxvbinaohthvl-1.1'-quinone
Solvent Solubility ^max(nm)
Distilled Very sparingly 610water soluble
Ethanol Very sparingly 623(absolute) soluble
Acetone Slightlysoluble 622
Formamide Insoluble(+ 5% 1,4- 641dioxan) Soluble
Chloroform Soluble 635
1,4-Dioxan Soluble 626
154
6 .3 Conclusions
The oxidation product of guaiacol is unstable and readily 
decomposes, this being accelerated by the presence of high 
guaiacol concentrations; the nature of the decomposition products 
is also affected by lightl^?. Whatever conditions were used to 
prepare and analyse the oxidation product a complex mixture of a 
least 5-6 components was obtained,
4-Methoxy-1-naphthol is oxidised to a blue dimeric quinone,
4,4*-dimethoxybinaphthy1-1,1 *-quinone, in the peroxidase reaction 
using HRP, MP-8 or Mb. No significant differences between the 
products obtained using these different catalysts were observed.
The intensity and position of maximum absorbance of the UV 
spectrum of the quinone varies appreciably with solvent depending 
upon the polarity of the solvent.
6.4 Experimental
6.4.1 Analysis of the oxidation product of guaiacol
6.4.1.1 Product extracted from aqueous reaction solution
The reaction procedure is outlined in 2.9 and a typical example 
given. The product was analysed by tic using fluorescent and 
non-fluorescent tic plates viewed in visible and UV (254 nm) 
light, or after exposure to iodine vapour. Solvents used includ­
ed CH2CI2 , 50:50 CH2Cl2/ethanol and varying proportions of CH2CI2 
and ethyl acetate or THF.
6.4.1.2 Solid product precipitated out of aqueous solution
The experimental procedure is outlined in 2.9. A dark brown/ 
black solid was obtained; mass: 3.89 mg, yield 63%. Tics of
the product in CHCI3 were run in CH2CI2 , ethanol, acetone and 
ethyl acetate.
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A 360 MHz ^H NMR spectrum of the solid run in deuterochloroform 
was obtained. A portion of solid guaiacol product was dissolved 
in methanol and analysed by analytical hplc:
Column: Analytical Techopak 10C18 reversed-phase,
30 X 0.39 cm
Detector: UV (397 nm) Flow: 1.0 mlmin“l Sample: 50 jul
Solvents: A - 60% MeCN + 0.1% TEA in hplc water
B - Hplc water
Gradient: Time, t Solvent CompH(mins) A (%) B0 60 4010 100 016 100 0
6 .4.1.3 Preparative tic of guaiacol product
A concentrated solution of guaiacol oxidation product in 
chloroform, obtained according to the procedure in 2.9 was used to 
carry out a preparative tic of the entire product on non-fluores- 
cent plates run in CH2CI2 . Each of the fractions were collected 
and UV spectra in the range 200-500 nm obtained.
6 .4.1.4 Tic analysis of the oxidation product of diguaiacol 
The procedure given in 2.9 was followed for a solution (2.99
ml) of diguaiacol (1.6 x 10*“^ M) and MP-8 (4 x 10~? M) in phosphate 
buffer (0.1 M), pH 7.0 reacted with H2O2 (2.5 x 1Q-5M). A tic of 
the CHCI3 extract, dried over MgSO^ on a fluorescent silica-coated 
plate was run against a similarly prepared sample of guaiacol 
product, dichloromethane as solvent.
6.4.2 Analysis of the oxidation product of 4-methoxyphenol 
4-Methoxyphenol (1.0 x lO'^M) in phosphate buffer pH 7.0 (50 
ml) was reacted with HRP (0.2 mg per 250 ml) and H2O2 (1.3 x 10”  ^
M) at 25°C. After -5 minutes the cloudy yellow solution was 
extracted with chloroform AR (3 x 10 ml); the combined extracts
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were washed with distilled water (2 x 10 ml) and dried over 
anhydrous MgSOa. Solvent was evaporated off using nitrogen gas, 
giving a dark yellow residue. A 360 MHz ^H NMR spectrum of this 
solid was obtained (see Fig. 56), ran in CDCI3 and compared with 
that of 4-methoxyphenol. Tic analyses of the product in CDCI3 
were carried out with a range of solvent compositions on fluores­
cent silica plates, against 4-methoxyphenol.
6.4.3 Analysis of the oxidation product of 4-methoxy-l-naphthol
6.4.3.1 Preparation and analysis of the enzymic oxidation 
product of 4-methoxy-l-naphthol
4-Methoxy-1-naphthol product was prepared on a large scale 
using HRP: 4 x 250 ml solutions of HRP type II (1.7-2.5 mg)
dissolved in phosphate buffer pH 7.0 (247 ml) were made up and 
HgOg (3.69 ml; 0.170 M) added to each solution giving a concen­
tration of 2.50 X 10”3m. a stock solution of 4-methoxy-l- 
naphthol (0.2165 g) in methanol (5 ml) was added in 10 x 100 jul 
portions, at 10-15 minute intervals, to each solution to a final 
concentration of 1.01 x 10~3M. The resultant dark blue-black 
solutions were left to stand, in the dark, for 1-2 hours until no 
further solid settled out of solution, then filtered off and dried 
in an oven at 120°C; yield 0.1904 g; 89%.
A 360 MHz ^H NMR analysis, in CDCI3 , was obtained on a few mgs 
of the HRP product and is given in Fig. 57. An infrared spectrum 
of the solid, (KBr disc) was obtained in the range 200-4000 cm“ .^
6.4.3.2 Comparison of the oxidation product of 4-methoxy-l- 
naphthol obtained using HRP, HP-8 and Mb
Three solutions of 4-methoxy-l-naphthol in buffer were made up 
by dissolving stock 4-methoxy-l-naphthol in methanol (50 jilj 
0.05086 M) to phosphate buffer (0.1 M), pH 7.0 (~25 ml) giving a 
concentration of 1 x 10*4#. These solutions were equilibrated in
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a water bath at 25°C before the appropriate volume of stock 
catalyst in water added: HRP (25 jul) , MP-8 (20 jul) or Mb (450
jjLl) to give concentrations of 0.11 mg per 250 ml, 7 x 10~?M and 
5.0 X lO^^M, respectively. H2O2 solution (185 fxl; 0.0205 M) 
was added to a concentration of 1.5 x 10"4m. The reaction times 
depended on the catalyst, increasing in the order HRP, MP-8 , Mb. 
Products were extracted with AR chloroform (2 x 3 ml), dried over 
anhydrous MgSO^ and analysed by tic on fluorescent silica-coated 
plastic plates using 50:50 (v/v) dichloromethane/R-octane.
6 .4.3.3 Variation of molar absorbance coefficient of the 
oxidation product with water-solvent mixtures 
The blue quinone product has a low solubility and so a stock 
solution (Y) in 1,4-dioxan (100 ml) was made up. 1.00 ml of 
solution Y was diluted to 10.0 ml with 1,4-dioxan, and the molar 
absorbance coefficient at 620 nm calculated from the UV spectrum.
A series of solutions of the quinone were made up from solution 
Y with increasing percentage water content. Each solution 
contained solution Y (1.00 ml) diluted with a combination of 1,4- 
dioxan (0.0-9.0 ml) and distilled water (0.0-9.0 ml) giving a 
total volume of 10.0 ml. The concentration of the quinone in all 
these solutions was 0.338 x 10**4m .
Two further solutions containing solution Y (0.5 ml and O.l ml) 
and distilled water (9.5 ml and 9.9 ml respectively) were also 
made up, to give solutions with a water content of 95% and 99% 
respectively. The concentrations of quinone in these last two 
solutions were 0.17 and 0.03 x 10"4# respectively.
The UV spectra of each of these solutions were recorded in the 
range 300-900 nm. The molar absorbance coefficient at 620 nm of 
the quinone product in water was calculated from the solutions 
containing <10% 1,4-dioxan content.
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To demonstrate the reversible nature of an observed shift in 
the UV profile with a water content above 40-50% the UV spectra of 
solutions of quinone containing 50 and 70% water were recorded and 
then the solutions diluted with an equal volume of 1,4-dioxan, 
increasing the 1,4-dioxan content to 75 and 65%, respectively.
6.4.3.4 Variation of position of maximum absorbance of the
oxidation product of 4-methoxy-l-naphthol with solvent 
Small portions of the blue quinone product were dissolved in 
various solvents and the UV spectra recorded despite problems due 
to low solubility. The quinone was insoluble in formamide so a 
portion of a stock solution in 1,4-dioxan was diluted with 
formamide giving a blue solution with 90-95% formamide.
From the UV spectra the position of maximum absorbance, A^ax. 
and the profile of the absorbance peaks for the quinone in a range 
of solvents were found.
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CHAPTER 7
CONCIJJSIONS
We have shown that the peroxidase activity of MP-8 is pH-
independent over the range of pH 1 - 3 and that of Mb is also pH-
independent over the range of pH 4 - 8 (3.3.1/2). This provides
the data required to complete a unique comparison of the pH
profiles for peroxidase activity of the protein-free cofactor 
(MP-8 ), the enzyme peroxidase and the non-enzymatic Mb (Fig, 17 in 
3.3.1. The plots of log k2 versus pH are unlike the typical bell­
shaped plots exhibited by many enzymes and consist of linear 
(horizontal or diagonal) portions. These plots show that (a) the 
initial step of the peroxidase reaction proceeds either via 
neutral H2O2 molecules or via H02*”; (b) but that overall the
reaction involving HO2” is çâ. 10® faster than that initiated by 
H2O2 ; and (c) that the role of the protein is to shift the 
diagonal of the plot of the rate versus pH for the co-factor 4 
units to higher pH in Mb and by 7 or more units to lower pH in the 
enzyme, thus indicating a proton-coupled equilibrium for HO2".
Results focused primarily on the peroxidase reaction of MP-8 
with HO2" in the range pH 7 to 8 enable scheme 3 for the peroxi­
dase reaction of MP-8 (and HRP) to be drawn up:
Scheme 3
decompn
P
decompn[S]
I[S]
II
M.HO2
[S] [X]
'TLM
[S]
M P
I 6O
Where M.H02*" is the Compound 0 analogue of HRP Compound 0 and 
the other symbols are as defined in 5.1. Ionisation of H2O2 can 
be promoted by the presence of certain bases, X (see below). 
Formation of MP-8 Compound I is the rate-limiting step with a 
second-order rate constant, k2 = 7500 +1500 M"*^s“^ for a wide 
range of substrates (Table 8 ). This probably proceeds35'3®'38,39, 
43 via an inner-sphere complex between MP-8 and H2O2 (or HO2”), 
which has been detected for HRp3® and reported for AcMP-8 40 and 
termed Compound 0. MP-8 Compound I undergoes bleaching in the 
absence of any organic substrate, but with substrate it can either 
react to give product (kp[S]) and regeneration (ultimately) of 
MP-8 , or react in a reaction leading to decomposition (k(ji[S]); 
in the presence of substrate the latter is the major pathway for 
loss of MP-8 .
Three aspects of the reaction can be considered in more detail; 
the formation of the oxidised intermediate (Compound I); the 
organic substrates and their oxidised products; the interaction 
of the organic substrates with the MP-8 and its oxidised forms.
fi) Formation of oxidised intermediates
Our work shows that the initial step involves the reaction of 
MP-8 with H02~, but in the absence of an organic substrate MP-8 is 
readily bleached (5.2.1). The second-order rate constant, k2 for 
the bleaching reaction (8125 M“^s“^; see Table 15) is equal to 
the upper limit of k2 for the rate of reaction of MP-8 with 
substrates, indicating that in both cases the initial reaction of 
MP-8 with H2O2 is the rate-limiting step.
The rate-limiting step can be increased by GuaH+ and much more 
spectacularly by quinine (QH+)(3.2.7). In both cases the increase 
in rate with increasing concentration of GuaH+ or QH+ corresponds
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to an apparent equilibrium constant which to a large extent is pH- 
independent. Based on these limited results it is tentatively 
suggested that since the reaction species is HO2" this implies the 
formation of an ion-pair of HO2” with either GuaH+ or QH+. This 
work shows that there are other ways to stabilise HO2" and to 
increase k2 apart from with GuaH+/Arg and is the first to discover 
the effect of quinine. An apparent rate enhancement due to tris 
reported earlier^S has been attributed entirely to a lowering of 
the pH of solution by the added tris.
An apparent initial "induction period" in the rate of product 
formation in the peroxidase reaction of guaiacol with MP-8 , when 
monitored at 470 nm, has been attributed to the fact that the 
first likely product, "diguaiacol", is colourless (4.3.5).
fill Organic substrates and their products
The range of known substrates for the peroxidase reaction of 
MP-8 has been greatly extended (4.2.1) and includes phenols fea. 
4-methoxyphenol and 4-methoxy-l-naphthol), anilines (gg. 4- 
methoxy-and 2,4-dimethoxyaniline) and ferrocyanide. Studies of 
the peroxidase reactions of these substrates with MP-8 and HRP, 
including the variation of rates of reaction with concentrations 
of catalyst, H2O2 and the substrates themselves, have emphasised 
parallels between the two catalysts (4.3.2).
Cyclopropanone hydrate acts as a suicide inhibitor substrate 
for the reaction with MP-8 as for the reaction with HRP, though to 
a reduced extent (5.2.3). This together with our studies of the 
drop in the rate of the peroxidase reaction at higher substrate 
concentrations (4.3.2), provides evidence for the ability of 
substrates to act as inhibitors of the peroxidase reaction.
The oxidation of phenols is via the phenoxy radicals 
(identified in the case of 2 ,4 ,6-tri'*^butylphenol48 from its UV
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spectrum). Overall oxidation of substrates can proceed via one- 
electron oxidations, via two equivalent oxidations or via up to 
four equivalent oxidations, as has been shown in the case of the 
oxidation of 4-methoxy-l-naphthol with MP-8 or HRP, the product of 
which has been confirmed as 4,4’-dimethoxybi-phenyl-1,1 *-quinone 
(6.2.3) .
Oxidation of guaiacol has been shown to give a complex mixture 
of at least five to ten components (6 .2 .1), including decomposi­
tion products and guaiacol, going beyond work by Santimone and 
Doul27. This together with the observation of an initial lag 
period in the rate of product formation show that guaiacol is NOT 
a good standard assay substrate for the peroxidase reaction.
This work, together with published data, on the oxidation 
products of a wide range of substrates indicate a simple pattern. 
Aromatic substrates with a g- and p- substituents generally give 
rise to a well defined products; on the other hand those with a 
p- substituent give rise to a small range of products, whilst 
those with a free p- position are oxidised to complex mixtures. 
fiii) Interaction of the organic substrate with MP-8 and 
its oxidised form 
Unusual patterns of rate versus substrate concentration 
profiles have been established for MP-8 , HRP and Mb as the 
catalyst (4.2.2). This new work vastly extends earlier work on 
guaiacol43. For the reaction with MP-8 most profiles contain two 
distinct regions which need explanation; a plateau region where 
the rate is independent of substrate concentration and a region in 
which the rate falls as the substrate concentration is increased.
In the plateau region values of k2 for all substrates studied 
lie within the range 5000 - 8000 M^^s^l, irrespective of whether 
they undergo one or two equivalent oxidations, confirming initial
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reaction of MP-8 with H2O2 to be the rate-limiting step of the 
peroxidase mechanism.
The fall in rate at higher substrate concentrations is due to 
one or both of two reasons: (a) further reaction of the product,
monitored by its UV spectrum (as in the case of guaiacol, 4.2.4), 
resulting in an apparent drop in rate of product formation; (b) 
co-ordination of substrate to MP-8 (co-ordination of 4-methoxy- 
aniline results in a shift in the MP-8 Soret band from 397 to 406- 
408 nm) inhibiting reaction of MP-8 with H2O2 to give MP-8 
Compound I. The observed fall in the rate versus substrate 
concentration profile for 4-methoxy-l-naphthol has been used to 
indicate a binding constant to MP-8 of -2500 M“^ (Fig. 35c).
Similar patterns were found for the profiles of HRP and Mb with 
guaiacol. The fall in rate of reaction of guaiacol at high 
concentrations with HRP was originally noted by Mann^lS but was 
subsequently forgotten, until now.
The bleaching reaction of MP-8 with H2O2 was found to be 
partially reversible eg. by the addition of substrates such as 4- 
methoxyphenol (3.2.9). In the absence of substrate bleaching 
bleaching occurs with a rate constant, k2 of 8125 M“^s”^ (Table 
15). A parameter termed the Relative Catalytic Efficiency (RCE) 
for MP-8 , which measures the ratio of the the number of moles of 
H2O2 consumed to the number of moles of MP-8 deactivated, was 
determined for a range of substrates. It was found to depend on 
the nature of the substrate, but to be independent of substrate 
concentration. This shows the occurrence of a new substrate- 
dependent bleaching pathway within the peroxidase mechanism not 
previously suspected. Limited data obtained for three phenols 
showed a correlation between the RCE and the oxidation potential 
of a substrate (5.3.2).
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Comparison of AcMP—8 with MP—8
Any differences in the peroxidase activity of AcMP-8 and MP-8 
would arise from the different reactivities of -NHOAc versus -NH3+ 
and so one could test for the effect of neighbouring positive 
charge by comparing the following:
(i) UV-vis spectra of the iron-aquo complexes; (ii) rate of 
bleaching with H2O2 and degree of reversibility; (iii) second- 
order rate constants, k2 and the dependence of rates of reaction 
upon substrate concentration.
The UV spectra of Fe.0H2 , imid° and CN“ for MP-8 and AcMP-8 
were very similar. The spectra with the aquo ligand showed a 
more pronounced shoulder at gg. 350 nm. We have shown that MP-8 
and AcMP-8 have a similar peroxidase activity at pH 7.0 (see 
3.3.5; viz k2 5000 - 8500 M“^s” )^ Ig. the rate is not signifi­
cantly affected by the presence/absence of terminal -NH3+. As 
with MP-8 a degree of reversibility in the bleaching of AcMP-8 was 
observed. The concentration range over which k2 was independent 
of guaiacol concentration in the rate versus substrate concentra­
tion profile for AcMP-8 was less than that for MP-8 , Thus AcMP-8 
exhibits basically the same behaviour as MP-8 , but with a few 
slight differences.
summary
Similarities exist between the peroxidase activity of MP-8 , 
AcMP-8 , Mb and HRP. The initial activation reaction can proceed 
via neutral H2O2 as well as via HO2". This work emphasises the 
utility of MP-8 as a protein-free model for the study of the 
peroxidase reaction.
The rate of the peroxidase reaction of MP-8 is enhanced by 
quinine as well as by GuaH+. Unusual patterns of dependence of
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rate on substrate concentration were found for MP-8 , HRP and Mb, 
which indicate the importance of substrate-inhibition and product 
decomposition upon real or apparent rates of reaction. The 
latter is a major problem in the case of guaiacol and in light of 
these studies its use as a peroxidase assay can no longer be 
recommended; alternative substrates such as ABTS or 2,4- 
dimethoxyaniline are considered preferable. Finally, a new 
substrate-dependent bleaching step has been identified in the 
peroxidase mechanism.
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Table Al - Aheorbance at 397 nm vei-aus concentation of AcMP-8 Table A3 - Absorbance ac 3 97 versus concentration of MP-8
Concentration Absorbanceof AcMP-B at 397 nm( K 1 0 )
0 0,0000.71 0 . Ill2 ; 49 0.4124,97 0.748
Phosphate buffer (0.1 M) , pli 7.0Temperature: 25°C
Concentration
( X )
Absorbance at 397 nm*
0 0 . 0 00
0 . 2 5
0 . 4 0 , 0 0 6
0 .6 o . o o a
0 , 7 5 0.010
1 .  2 0 . 0 1 61 . as 0 . 0 2 9
2 . 0 0 . 0 3 5
Concentration of MP-8( X IQ-^M )
Absorbance
2.8 G .0423.7 G.0S74 . 1 0 . 070a. 112.2 0 .10920 - 3 0.31528.45 0.425
Phosphate buffer (0.1 Ml. pH 7.0 Temperature: 25°C*4 cm path-length used for lower concentrations, but absorbance adjusted to 1 cm path-length
Tabl.o_A3 - Effect of KKO3 upon rate of the peroxidase reaction of AcHP-B with guaiacol
Cone" of KNO3
(M)
pH of soin. Cone" of ACHP-B
(X 10"7m )
Mean initial dAbs/dt* at
(X 10-3b-1)
0 5,1 1.03
7.00 4.7 1.00
6.90 4.3 1.00
6.84 3.7 1,09
‘Adjusted for Cone" of AcMP-8: and pH:
•Standard deviation. 0^-1' Cone" of guaiacol: Cone" of HgOg: 
€397 for AcMP-8: Temperature:
4 . 0  X  1 0 “ 7 h  
< 4 %1.000 X  10“3m1.01 X lO-^M
1 . 5 6  X  1 0 5  M - l c m - 1  25*C20% MeOH/sodium phosphate buffer (0.1 H), pH 7.03
Table A4 - Variation of the rate of the peroxidase reaction of 4-methoxv-1-nanhthol with MP-B upon concentration of GuaHt in nhosohate buffer (0.7 Ml. pH 7.0
Cone" of guanidine hydrochloride (M)
pH Mean Initial dAbs/dt* at 620 nm(X I Q - ^ g - l )
Second-order rate const, k.2(M-ig-i)
1 2  adjusted to pH 7.00(M-is-ij
0 7 . 00 G .2 4700 4700
1.05 X 10-3 7.02 5.5 4130 3945
5.04 X 10-3 7 .01 6.3 4780 4670
0.0101 7.00 5.7 4285 4285
0.0201 7 . 00 6.7 5045 5045
0.0403 6.98 6 . 5 4870 5100
0.0604 6.96 6.5 4930 5405
0.0805 6 . 94 7.3 5535 6355
0.1007 6.93 5730 6730
•Adjusted for a Cone" of MP-8 ; 6.0 x lO'^MCone" of H2O2 : 0.52 X 10-^MCone" of 4-methoxy-l-naphthol: 1.02 x lO'^MTemperature: 25°C2)Abs per mole of H2O2 af 620 nm: 4250 M'l-cm‘120% Methanol/potassium phosphate buffer (0.7 Ml, pH 7.0 Stnd Devn, Op-l mean rate: <6%
Table AS - Variation of the rate of the peroxidase reaction of
4 - m e t h o x v - l - n a p h t h o l  w i t h  MP-8 u p o n  t h e  c o n c e n t r a t i o n  
o f  q u i n i n e  i n  p h o s p h a t e  b u f f e r  ( 0 . 1  Ml. d H  7 . 0
Cone" of quinine
(X lO-^M)
pH Mean initial dAbs/dt* at 620 nm (x lOlg-l)
Second-order rate const,
(M-ls-l)
kaadjusted to pH 7.00
0 7 . 00 3 . 1 2395 2395
0 . 99 7.00 3075 3075
4 .96 7.01 9.1 7090 6930
9.91 7.02 13.9 10795 10310
21.11 7 . 04 17.9
•Adjusted for a Cone" of MP-8 : 6.0 x lO'^ M^Cone" of H2O2 : 0.51 x 10“Cone" of 4-methoxy-l-naphthol: l.Ol x 10"'*MTemperature: 2S°C/IAbs per mole of H2O2 at 620 nm: 4250 M"lcm“l20% Methanol/sodium phosphate buffer (0.1 M), pH 7.0 Stnd Devn, 0^-1 for mean rate: <7%
Table AG - Variation of the rate of the peroxidase reaction of 4-methoxv-1-naohthol with MP-8 upon concentration of quinine in phosphate buffer (0.1 Ml. pH 7.5
Cone" of quinine
(x IQ-'^ M)
Mean initial dAbs/dt* at 620 nm 
U  lO-^a-l]
Second-order rate const,
(M-^e-l)
0 4 .3 SOIS
0 . so 5.5 6395
5.6 6410
4 . 97 11.5 13255
9 , 94 IG.O 18460
21. 22 22.2 25555
•Adjusted for a Cone" of MP-B: 4.0 x lO'^MCone" of H2O2 : 0.51 x lO'^MCone" of 4-methoxy-l-naphthol: 1.08 x lO'^MTemperature: 25°CA Abs per mole of H2O2 at 620 nm: 4250 M'^cm"^20% Methanol/sodium pliosphate buffer (0.1 Ml . pH 7 . 5 Stnd Devn, 0^.3 for mean rate: <5%
A1
Table A7 - Vai-iation of tlie rare oE the peroxidase reaction ofa-n'erboxv-l-naphthol with MP-B upon the concentrationof Quinine, in nhosohate buffer (0.7 M)■ pH 7.0
Table AB - Variation of the rate of the peroxidase reaction of 4-methoxv-1-naphtiiol with MP-fi upon concentration of of tris, in phosphate buffer (0.7 Mi. p H  7 n
Cone" of quinine
(x 10-'*M)
Mean initial dAbs/dt^ at 620 nm (x 10“4g-l)
Second-order rate const, 
k2 (M-ls-i)
0 5.1 3890
5.05 8,3 6415
20.20 13 .9 10600
•Adjusted for a Cone" of MP-B: S.O x lO'^MCone" of HgOg: 0.51 X lO'^MCone" of 4-methoxy-l-naphthol: 1.02 x lO'^MTemperature: 25"C
Ahbs per mole of H2O2 at 620 nm: 4250 M'^ cra"^20% Methanol/potassium phosphate buffer (0.7 M), pH 6.99 Stnd Devn. o^-l Eor mean rate : slOV
Cone" of tris
. (Ml
pH Mean initial dAbs/dt* at 620 nm (X 10-4s-l)
Second-order rate const,
(M-ls-l)
k2adjusted to pH 7.00 (M-ls-1)
0 7.00 4030
0.00101 7.00 5.7 « 4445 4445
0.00504 7.01 5.9 4675 4570
0.00998 7.02 5 . 8 4520 4315
0.02018 7.05 6.9 S4i5 4825
0.03994 7.11 7 -Q 5500 4270
0.06012 7.17 8.2 6400 4325
0.07989 7.24 8 . 9 7010 4035
0.10007 7.31 12.0 9380 4595
tris - Tris(hydroxymethyllaminomethane •Adjusted for a Cone" of MP-8 : 6.0 x lO'^MCone" of HgOg: 0.50 X  lO'^MCone" of 4-methoxy-l-naphthol: 1.04 x 10‘^ MTemperature: 25°C4)Abs per mole of HgOg at 620 nm: 4250 M'iem'i20% Methanol/potassium phosphate buffer (0.7 M). pH 7.0 Stnd Devn, for mean rate: sS%, except S 7%
Table A9 - Variation of the rate of the peroxidase reaction of4-methoxv-1-naolithol with MP-B upon the concentration of ethanol amine. in phosphate buffer (0.7 Ml. pH 7.0
Cone" of ethanol-
(Ml
pH Mean initial dAbs/dt at 620 nm(X 10-4s"l)
Second-order rate const,
(M-li-l)
k2adjusted to pH 7.00 (M-is-1)
0 6.99 5.3 4200
0.00102 6.99 5.0 3970
0.00510 6.99 5,2 4065
0.01002 7.00 5-2 4085 4085
0.01988 7.01 6.0 4735 4625
0.03976 7 .07 6.1 4820 4100
0.05965 7.13 7.1 I 5575 4135
0.07953 7 . 20 7,1 5615 3545
7.25 8.0 6340 3565
•Adjusted for a Cone" of MP-8 : 6.0 x 10'TmCone" of H2O2 : 0.50 X  10-'>MCone" of 4-methoxy-l-naphthol: 1.02 x lO'^MTemperature : 25°CdAbs per mole of H2O2 at 620 nm: 4250 M’ c^m'^ .20% Methanol/potassium phosphate buffer (0.7 Ml. pH 7.0 Stnd Devn, o^-i for mean rate: <4%. except fl 7%
Table AID - Variation of the rate of the peroxidase reaction nf4-methoxv-1-naphtliol with MP-B upon concentration of triethanolamine. in phosphate buffer (0.7 Ml. nH 7.n
Cone" of triethanol-
Tm"^
pH Mean initial dAbs/dt* at 620 nm (X lO-^s-l)
Second-order rate const, kz(M-la-l)
k2adjusted to pH 7.01 (M-ls-i)
0 7 .01 5,0 3745 3745
1.01 X  10-Î 7.04 5.15 3885 3625
5.06 X  10-3 7.03 5,4 4000 3895
9.94 X  10-3 7.06 5.6 4250 3785
0.0211 7.06 6.3 4745 4230
0.0407 7.12 8.0 6050 4695
0,0603 7.17 8.8 5670 4615
0.0814 7.23 9.9 7440 4485
0.1010 7.29 11, 2 8460 4440
•Adjusted for a Cone" of MP-8 : 6.0 X  lO'^MCone" of H2O2 : 0.52 X  10-Cone" of 4-methoxy-l-naphthol; 1.02 x 1Q-%MTemperature ; 25°C4Abs per mole of H2O2 at 620 nm: 4250 M-^cm-l20% Methanol/potassium phosphate buffer (0.7 Ml. pH 7.0 Stnd Devn, On-1 for mean rate: <7.5%
T a b l e  A l l Variation of the rare of the peroxidase reaction of 4 -methoxv-1-naohthnl with MP-8 upon concentration of diethanolamine. in phosphate buffer(0.7Mt. pH 7.0 Table A12 - Effect of buffer strength on rate of the pcrgXldflge reaction of 4-Bethoxv-l-naphthol with MP-8
diethanol-T^m"
pH Mean initial dAbs/dt* at 620 nm(X 10-4s-l)
Second-order rate const,
(M-l|-l)
k2adjusted to pH 7.QQ (M-lg-l) ■
Phosphate buffer comp" (20% MeOH)
Mean initial dAbs/dt at 620 nm (X 10“4a-l)
Second-order rate const,
(H-ls-l)
0 7.00 4 . 9 3780 3780 K - O.lOH 4.1 3180
0.OOlOl 7 .00 5.2 3970 3970 K - 0.20H 4.7 3655
0.00507 7.01 5.6 4350 4250 K - O.SOM 5.3
0.01014 7.01 5.4 4180 4085 K - 0.70H 5.8 4570
0,02087 7.01 6.4 4930 4820 •Adjusted for a Cone" of MP-8; 6.0 X lO-^M
0.03965 7.05 7.2 5565 4960 Cone" of H2O,: 0.50 X 10-4mCone" of 4-methoxy-l-naphthol: 0.99 X lO-^M0.06052 7.08 8.6 6630 5515 Temperature : 25°Cper mole of H2O5 at 620 nm: 4250 M~3cm“30.08138 7.16 9.6 7345 5080 20% Methanol/potassium phosphate buffer, pH 7.0 •Stnd Devn, Sn-i for mean rate: <9%
0.10016 7.21 12.4 9530 5875
•Adjusted for a Cone" of MP-8 : 6.0 x 10-TmCone" of H2O2 : 0.51 X 10-■’mCone" of 4-methoxy-l-naphthol: 1.01 x IQ-'^ MTemperature: 23°CdAbs per mole of H2O2 at 620 nm: 4250 H'^cm-T20% Methanol/potassium phosphate buffer (0.7 M), pH 7.0 send Devn, for mean rate: <5%
A2
Table A13 - Variation of initial rate of peroxldaae reaction ofdiaiiaiacol with concentration of ■ Table A14 - Variation of initial rate of peroxidase reactionof diquaiacol with concentration of MP-n
Cone" of
(X Ïg-«M)
Mean initial dAbs/dt at 470 nm (x 10-3s-l) "n-1
second-order rate const, kg (x 104 M-ls-1)
0 0 — -----
0.22 1.63 0.59 5.45
0.46 2 . 35 0.44 3.75
0.70 4.03 0.30 4 .23
0.94 5 . 62 0.67 4.40
1 . 873 11 .00 0.75 4.32
Cone" of
(X
Initial dAbs/dt at 4 70 nm 
(x lO'^s'l)
Second-order rate const, 
kg(x lO^M-ls'l)
0 0,0061.75 0. 320 2.443 . 6 0. 652 2.420 . 929 2.385.4 0. 900 2.226.2 1.290 2.10 •B.4 1 .129 1.79 *8.55 1.263 1.97 *
Mean cone" of MP-8 : 1 . 8 5  X  lO'^MMean* cone" of diguaiacol; 2 . 2 5  ± 0.3 x 10“‘^MAAbs47o per mole of HgOg: 7 3 5 0  M-^cm"!Phosphate buffer (0.1 M), pH 7.5 Temperature: 25°C•Mean cone" of H2O2 present during period in which rate was measured calculated from initial cone" and cone" consumed in that
Mean second-order rate constant, kg : 4.4 • 0.6 x 10  ^M"1b"3
2.0 + 0.1 X 10-4m 1.02 X 10-4m 7350 M-lcm-i
Mean Cone" of diguaiacol:Cone" of H2O2 ;/\Abs47o per mole of HgOg:Phosphate buffer (O.l M), pH 7.5 Temperature : 25'^ CMean second-order rate constant, kg: 2.2 + 0.2 x 1q4 M'^s'^
• At higher MP-8 conc"s rate of reaction is faster so that the decrease in cone" of HgOg during the initial rate measurement begins to effect kg. In these (•) runs the mean cone" of HgOg was less than that initially present so values of kg appear slightly lower than the true value.
Tab!e AT 5 - Variation of initial rate of peroxidase reaction of 4.-methoxvohenol and HP-8 with concentration of
Table AI6 - Variation of initial rate of peroxidase reaction of 4-mechoxvphenol with concentration nf MP-B
Cone" of 
HgOg
(x 10-'*M)
Mean initial dAbs/dt* at 315 nm (x 10-3s-l)
8econd-order rate const, kg (M-ls-l)
0 -
1.98 6825
4 .09 4850
5.84 5175
8 .17 5650
, Cone" of 4-methoxyphenol: 2.06 x 10"4h•Adjusted for cone" of MP-8 : 2.0 x 10~1/I Abs per mole of HgOg at 315 nm; 2700 M'iom"!
Temperature: 2S°CPhosphate buffer (0.1 M), pH 7.0 Stnd Devn, 0^-1 ^or mean rate: sl6%Mean second-order rate constant, kg = 5625 M“Is“l
Cone" of MP-8
(x lO-'^ M)
Initial dAbs/dt at 315 nm (x IQ-^s-l)
Second-order rate const.
k2 ,(H-ls-l)
0 0.041. 7 0.695 77251 . 8 0,613.4 0.975 54253 .55 1 . 05 56004 .0 1 .22 57505.6 1.66 56005.6 1 . 58 53256.8 1.72 47757.3 1.68 43507 . 8 1. 88 4550
Cone" of HgOg: 1.96 x 10“'•mCone" of 4-methoxyphenol: 2.06 x lO'^MZiAbs per mole of HgOg at 315 nm: 2700 M‘lcm'1Temperature: 2S°CPhosphate buffer (0.1 M), pH 7.0 Mean second-order rate constant, k? = 5550 M'ls'l
Table A17 - Variation of Initial rate of peroxidase reaction 4-methoxv-l-naohthol and MP-8 with concentration of hvdrooen peroxide
Variation of initial rate of peroxidase reaction of 4-methoxv-l-nanhthol with concentration of MP-B
Cone" of 
HgOg
tx 10“5mj
Mean initial dAbs/dt at 620 nm (x lO-4s-l;
Second-order race constant
(M-Is-I)
0 0.30 ---
2.02 I . 15 + 7450
4 .04 1 . 95 6300
2,57 5550
8 . 00 3 .82 6175
10 .10 4.24 5500
Cone" of
(X 1Q-*^ M)
Mean initial dAbs/dt* at 620 nm (X IQ-^a-l)
second-order rate constant
)f2 , (M-is-I)
0.10 ---
2.0 2 . 7 7  f 6400
3.6 4 .55 5825
5-4 7  - 14 6100
7 . 2 0.99 5750
9.0 10.53 5 4 0 0
Cone" of 4-methoxy-l-naphthol Cone" of MP-8 4 Abs per mole of HgOg at 620 nm
1 . 0 1  X  1 0 - 4 m  1.8 X 1 0 -7 h  
4 2 5 0  M - l c m - 1Phosphate buffer (0.1 M) , pH 7.0Temperature : Stnd Devn, Un-l mean rate; Mean second-order rate constant, kg
2S°Cs6%, except 6200 M-ls-l
Conc" of 4-methoxy-l-naphthol: Cone" of HgOg; 4 Abs per mole of HgOg at 620 nm: Phosphate buffer (0.1 M), Temperature : Stnd Devn, On-i for mean rate: Mean second order rate constant, kg:
1 . 0 2  X 10-4m 
0 . 5 1  X  l O - ^ M  
4 2 5 0  M - l c m - 1  pH 7 . 0  2S°Cs8%, except + <13% 
5 9 0 0  M ' l f l - l
A3
Table A19 - Variation nf initial rate of peroxldaae reactionof miaiacol and MP-B with substrate concentration Table A20 - Variation of initial rate of peroxidase reactionnf guaiacol and AcMP-8 with substrate concentration
Log (Cone" of guaiacol)
Mean initial dAbs/dt* at 470 nm (X 10-^s-l)
dAbs/dt UAbs/tHgOg) at 470 nm (x 10'1h s-1)
Second-order rate const..
-5.00 1.53 2.94 . --
-4.29 1.62 3 .12 7625
-3 . 96 1.73 3.33 8150
-3.26 1.81 3.48 8525
-2.26 1.80 . 3 . 46 8475
-1.96 1.54 2.96 --
-1.31 0.77 1.48 --
-1.00 0.39 --
•Adjusted for a Cone" of MP-8: 4.0 x lO^M(jAbs per mole of HgOg at 470 nm: 5200 M"Icm”TConc" of HgOg: 1.02 x lO'^HTemperature: 25°CPhosphate buffer (0.1 M), pH 7.0 Stnd Devn, ffn-1 for mean rate: <G%
(Cone" of guaiacol)
Mean initial dAbs/dt* at 4 7 0  nm 
( x  I Q - ^ s ' l )
dAbs/dt ^JAbs/lHgOg] at 4 7 0  nm (X l Q - 7 » g - l )
Second-order rate const.,
k 2  , ( M - l g - l )
- 5 . 0 0 0  . 9 1 1 . 7 5 --
- 3 . 9 9 1 . 1 0 2 . 1 2 3 4 2 5
- 3 . 2 9 1 . 0 7 2 . 0 6 3 3 2 5
- 3 . 0 0 1 . 1 8 2 . 2 7 3 6 7 5
- 2 . 2 9 1 . 1 2 2 . 1 5 3 4 7 5
- 1 . 9 9 1 . 0 1 1 .  9 4 --
- 0 . 9 9 0  . 2 0 0 . 3 8 --
•Adjusted for a Cone" of AcHP-8: 6.0 x lO'^M
A Abs per mole of HgOg at 470 nm: 5200 M'icm'fStnd Devn, for mean rate: slotCone" of HgOg: 1.03 x lO^MTemperature : 2 5°C20% methanol/phosphate buffer (O.l M) , pH 7.0
Table A21 - Variation of initial rate of the neroxidase reaction of guaiacol and HRP with guaiacol concentration
Table A22 - Variation of initial rate of the peroxidase reactii of guaiacol and Mb with cone" of guaiacol
Log Cone" of guaiacol
Mean initial dAbs/dt at 470 nm (x 10-^s-I)
dAbs/dt .dAbs/(HgOg) at 470 nm(X
-5.00 0.09 , 0.17
-4 .31 0 . 89 1. 71
-4.00 1.75 3 . 37
-3.31 4 .67 Q . 98
-3.00 7.13 13 .71
-2.33 12.74 24 . 50
-1.99 13.10 25.19
-1.31 5.89 11.33
-1.00 2.74 5.27
Cone" of HgOg:Cone" of HRP:A Abs per mole of HgOg at 470 nm:Stnd Devn, Oji.for mean rate:Phosphate buffer (0.1 M). pH 7.0 Temperature: 25°CMax. value of "second-order rate constant" kg = 3.12 x lO^M'^s"!
1.01 X  10-'>M 
- 8  X  1 Q - 9 m  5200 M-lcm-1 s4%, except + <11%
Conc^ i ot 
guaiacol
Mean initial dAbs/dt at 470 nm (x. 10-4s-l)
Stnd
*?n-l
dAbs/dt 
4àAba/{H202l at 470 nm (x lO-^Ms-i)
Second-order race const.,
0.31 2.52
-4 - 31 1.43 0.04 2. 75 -
0.27 3.56 -
-3 .31 2. 00 3.85 ---
-2.99 2 .06 0.07 3,96 -
4.03 0.12 7.75 290
3 . 36 0.07 6.46 240
0.81 0.04 1.S6 -
0.53 0 . 05 1.02 —
Cone" of myoglobin cone" of HgOg /lAbs per mole of HgOg at 470 nm Temperature
2 . 6  X  1 0 - 6 m  
1 . 0 3  X  l O ' ^ H  
5 2 0 0  M - l - c m - 1  
25'PCPhosphate buffer (0.1 M), pH 7.0
I Table A23 - Variation of rate of peroxidase reaction ofdiguaiacol and MP-B with concentration of diguaiacol Table A24 - Variation of initial rate of the peroxidase reaction of 4-mebhoxvnhenol and MP-8 with substrate cone"
Conc^ of diguaiacol
( X lO-^M )
dAbs/dt at 470 nm (x 10“2s“l)
dAbs/dt 
4Abs/(H202l at 470 nm (x lO-^Ms-i)
Second-order rate const, kg(x lO^H-ls-l)
0.69 1. 029 1. 98 2.20
1.39 1.099 2. 11 2.35
2.08 1.055 2.03 2.26
3 .66 0.675 1.30 --
7.23 0.426 0.82 --
Cone" of MP-8 Cone" of HgOg AAbs47o per mole of HgOg
6.0 X IQ-lM 1.06 X  l O ' ^ M  7350 M-lcm-1Phosphate buffer (O.l M), pH 7.5 Temperature: 25°C
Cane" of 4-MeoPhOH
Mean initial dAbs/dt* at 315 nm (X 10-4s-l)
dAbs/dt 4Abs/[HgOg] at 315 nm (x 10-*^ Hs-l)
Second-order rate const,, kg (M-ls-l)
-5.00 3 .79 1.40 --
-4 .29 6.07 + 2.25 --
-3 . 90 6.23 2.31 --
-3.29 8.49 3 .14 7550
-3.00 8.20 3.04 7300
-2,29 8.94 3.31 7950
-1.99 9.57 3.54 8525
-1.29 9.07 3.66 8775
-0.99 10.04 4.01 9650
• Adjusted for a Cone" of MP-8: Cone" of HgOg: AAbs per mole of HgOg at 315 nm: Stnd Devn, On-l for mean rate: Temperature :Phosphate buffer (0.1 H), pH 7.0
4.0 X  1 0 - 1 »1.04 X  1 0 - 4 »2700 M-lcm-1s5%, except + <10%25°C
A4
Table A2S - Variation of initial rate of the peroxidase reactionof 4-methoxyphenol and HRP with nnbatrate cone"
Conc^ of 4-MeOPhOH
Mean inicial dAbs/dt at 315 nm (x lO-^o-l)
dAba/dt AAbs/[H2O2] at 315 nm (x lO-^Ms-l)
-4.2G 1.23 4 .56
2.90 10.74
-3.29 5.90 21.85
-2 , 98 6.22 23 .03
-2.29 5.07 18 .78
-1,98 3.98 14 . 74
-1, 29 1.85 6 . 85
1.47
Cone" of HgOg: Cone" of HRP:
A Abs per mole of HgOg at 315 nm:Stnd Devn, ®n-l mean rate;Temperature:Phosphate buffer <0.1 M), pH 7.0 Max. value of "second-order rate constant" kg = 2.74 x 10  ^M"^s"1
1.05 X lO-^M 0.11 mg per 250 ml (-8 X 10-9»)2700 M-lcm-1 sS%2S°C
Table A26 - Variation of initial rate of the peroxidase reaction of 4-methoxv-1-nanhtliol and MP-B with substrate concentration
Cone" of -Naphth.
(x 10-4»)
Mean initial dAbs/dt* at 620 nm (X l0-4s"l)
dAbs/dt dAbs/ [HgOg 1 at 620 nm (x lO'^Ms-l)
Second-order rate const.,
(M-ls-l)
0 .09 12.07 2.04 6950
8.87 2.09 --
1.02 8.30 1.95 --
2 . 01 6.78 1.60 --
4 .93 5.17 1,22 --
-Naphth. 4-Methoxy-1-naphthol* Adjusted for a Cone" of MP-8 Cone" of HgOg AAbs per mole of HgOg at 620 nm Stnd Devn, a^-i for mean rate Temperature
4 . 0  X  1 0 - I m  
1 . 0 2  X  1 0 - 4 »  
4 2 5 0  M - I c m - 1  s8%25°CPhosphate buffer (0.1 M), pH 7.0
Table A27 - Variation of initial rate of the peroxidaae reaction of 4 -methoxv-l-naoht):ol and HRP with anbnrrate cone"
Cone" of -Naphth,
(X 10-4»)
Mean initial dAbs/dt at 620 nm (x 10-lg-l)
dAbs/dt dAbs/[HgOg] at 620 nm (x 10-1»s-l)
Second-order rate const., 
k2 (x 10^
0.10 2.12 4.99 --
0.50 10.77 25.34 --
1.06 15.39 36.21 5.02
5.30 16 . 22 38.16 5.30
10.60 16.00 37.55 5.22
-Naplith. : 4-Methoxy-1 -naphtliolCone" of HgOg: 1.03 x 10-4»Cone" of HRP: 0.1 mg per 250 ml(-7 X 10-9»)Abs per mole of HgOg at 620 nm: 4250 M-lcm-1Stnd Devn, Og-l for mean rate: s6%Temperature; 25OC Phosphate buffer (0.1 M), pH 7.0
Table A28 - Variation of Initial rate of the peroxidase reaction of 4-methoxvaniline and MP-B with substrate concentration
Cone", of 4-MeOPhNH2
(x IQ-^M)
Mean initial dAbs/dt* at 4 94 nm (x 10-^3 -^ )
dAbs/dt 
dAbs/[H202l at 4 94 nm (x 10-*^ Ms-^ ï
Second-order rate const.,
(M-ls-l)
0.14 10.35 0.51 2 .03 5975
0.49 9.51 0.11 I . 86 5500
0. 95 7.92 0.41 1 .55 --
2.05 7 10 0.94 1.39 --
5,05 4.67 0.93 0.92 --
10.10 3 ,44 0.37 0.67 --
• Adjusted for a Cone" of MP-8 Cone" of HgOg /\Abs per mole of HgOg at 494 nm Temperature
3.0 X  10-1» 1.13 X  1 0 - 4 »  5100 M-lcm-1 25°CPhosphate buffer (0.1 M), pH 7.0
Table A29 - Variation of initial rate of the peroxidase reaction of 4-met)ioxvaniline and HRP with substrate cone"
Cone" of 4-MeoPhNH2
Mean initial dAbs/dt at 494 nm(X 10“3s-l)
dAbs/dt dAbs/ [HgOg] at 494 nm (x 10-lMs-l)
-4 . 32 0.82 1.61
-3 . 99 1.43 2.80
-3.30 2.11 4,14
-3 . 00 2.20 4.31
-2.30 2.785 5.46
-1. 99 2.44 4 . 78
-1.30 1.63 3.20
-1.00 1.48 2.90
Cone" of HgOg: Cone" of HRP:
AAbs per mole of HgOg at 494 nm:Stnd Devn, On-1 mean rate:Temperature:Phosphate buffer (0.1 M), pH 7.0 Max value of "second-order rate constant" kg « 5.02 x lO^H-ls-1
0.99 X 10-4»0.02 mg per 250 ml (-1.1 X 10-9»)5100 M-lcm-1 <7%25"C
Table A3 0 - Variation of initial rate of the peroxidase reaction of 2.4-dimethoxvaniline and MP-8 with substrate concentration
Cone" of 2.4-DlMeOPhNH2
(x lO-^M)
Mean initial dAbs/dt* at 500 nm (x 10-4g-l)
dAbs/dt dAbs/[HgOg] at 500 nm (x 10'’^Ms"l)
Second-order rate conet.,
0.09 10.49 + 2.10 6850
0.52 10.04 2.01 6550
1 . 03 8.00 1 . 60 ---
2.03 6.49 1.30 ---
S. IS 3.34 + 0.67 ---
10.31 2.58 0.52 ---
* Adjusted for a Cone" of MP-8 Cone" of HgOg Z^Abs per mole of HgOg at 500 nm Stnd Devn, c^-l for mean rate TemperaturePhosphate buffer (0.1 M), pH 7.0
3.0 X  10-1»1.02 X  10-4»5000 M-lcm-1s5%, except + =14%2S"C
AS
Table A31 - Variation of initial rate of the peroxidaae reactionof 2.4-dimethoxvaniline and HRP with substrata cone"
Cone" of 2,4-DiMeOPhNHg
Mean initial dAbs/dt at 500 nm (x 10"3s"l)
dAbs/dt AAbs/(HgOg) at 500 nm 
( x  1 0 ' * ^ M s - 3 - )
Second-order rate const,,
(x 105^»-ls'l)
-4 .29 7 . 14 14.28
-3 .99 10.Ë7 21.34
-3 .29 13.02 27.64 34.55
-2.99 13 .43 26 .86 33.55
-2.33 14,42 28.84 36.05
-2.00 13 .10 26,20 32.75
-1.30 17,88
-1.00 14 .04
Cone" of HgOg: Cone" of- HRP:
Z]Abs per mole of HgOg at 500 nm: Stnd Devn, 0^-1 Eor mean rate: Temperature:
1.00 X 10-4»0.1 mg per 250 ml (-8 X 10-9»)5000 M-lcm-1 s5%2S°C
Table A32 - Variation of initial rate of neroxidase reaction of ferrocvanide and MP-B wit): substrate cone"
Log Cone" of ferrocyanide
Mean initial dAbs/dt* at 420 nm (x 10-4s-l)
dAbs/dt 21 Abs/ (H g O g )  at 420 nm (x 10-1»s-l)
Second-order rate const,, kg (M-ls-l)
-4 .27 6.17 2 . 00 6750
-4 .01 6.13 2.79 6700
-3 .69 5.43 2.92 7025
-3.29 6.38 2.90 6975
-3 .00 7.11 3.23 # 7925
-1.97 7.13 3.24 (t 7950
• Adjusted for a Cone" of MP-8: 4.0 x 10-1»Cone" of HgOg: 1.04 x 10-4»,N 1.02 X 10-4»ZiAbs per mole of HgOg at 420 nm: 2200 M-lem'lStnd Devn, On-l (or mean rate: =9%, except + =20%Temperature: 25°CPliosphate buffer (o.l M) . pH 7.0
Phosphate buffer (0.1 M), pH 7.0
Table A33 Variation of initial rate of the peroxidase reaction of ferrocvanide and HRP with substrate concentration Table A34 - Peroxidase reaction of 1-napbthol
Cone" of ferrocyanide
Mean initial dAbs/dt at 420 nm (x 10-4s-l)
dAbs/dt AAbs/(HgOg) at 420 nm (X 10-lMs-l)
Second-order rate const., kg(x 109 M-ls-l)
-4.31 0.79 t 0.36 --
-4 .00 2.01 0.91 --
-3.31 2.61 1.19 --
-3.00 3.90 1.77 --
-2.31 9.83 4 .47 --
-1.99 13.22 6.01 7.51
-1.70 13.22 6.01 7.51
-1.52 14.35 6.52 8.15
Cone" of 1-Naphthol
(X 10-•'Jm )
Cone" of HgOg
(X 10-4»)
Cone" of MP-8
(x 10-1»)
dAbs/dt at 450 nm (x lO-^s-l)
Second-order rate const., kg (M-ls-l)
1.03 0.51 5.6 2.43 42501.03 0.26 5.3 1 .10 40001.03 0 . 51 11.1 3.58 315010.06 11.4 5.72 4925
AAbs per mole of HgOg at 450 nm; 2000 M-ls-l Temperature: 25°CPhosphate buffer (0.1 M), pH 7.0
NB By the time the rate of absorbance increase could bemeasured the initial rate of reaction had decreased so that in most cases the rate of reaction appearred rather low.
Table A35 - Peroxidase reaction of 2.4.G-tri^butvlohenol with MP-8 and H->0->
Cone" of HgOg: Cone" of HRP :
AAbs per mole of HgOg at 420 nm: Stnd Devn, On-l mean rate: Temperature:
1.00 X 10-4»0.11 mg per 250 ml (-8 X 10-9»)2200 M-lcm-1s8%, except + <13%25°CPhosphate buffer (0.1 M), pH 7.0
Cone" of 2.4,6-TtBP
(X 10-^M)
Cone" of 
HgOg
(x 10-4»)
Cone" of MP-8
(x 10-1»)
dAbs/dt at 300*/630 nm (x 10-ls-l)
Second-order rate const.,
(M-ls-l)
1.03 5.0 1.7 6,77 * 75251. 03 5.1 5.3 1.36 66255.1 5.1 1.25 6325
2,4,6-TtBP: 2,4,6-Tri ^butyIphenol
AAbs per mole of HgOg at 300 nm: lOEOO M-lcm-1AAbs per mole of HgOg at 630 nm: 760 M-lcm'lTemperature: 25"C50:50 Methanol/phosphate buffer (0.1 M), pH 7.0
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